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CHAPTER I. INTRODUCTION 
In spite of increased agricultural production in several developing 
countries due to the introduction of high yielding varieties (HYV) 
technology, the problem of malnutrition is still disquieting (Berg, 
1987). The situation in India is typical. India is one of the 
developing countries which adopted early the HYV technology in rice and 
wheat developed at the international agricultural research centers in the 
late sixties and early seventies with an objective of increasing 
food-grain production. This, along with required infrastructure for 
input supply and institutions for agricultural research and extension, 
has resulted in a situation where India is no more at the mercy of 
foreign food aid. 
' Food grain production in India has increased from 82.02 million 
tons in 1960-61 to 150.47 million tons in 1987-88, with a record level of 
152.37 million tons in 1983-84 (World Bank, 1988). Also, with the help 
of food reserves stored by the government, India has reduced the danger 
of devastating famines. However, India's struggle in reducing poverty 
and malnutrition is far from over. The level of poverty has only come 
down from 56.8 percent in 1960-61 to 51.5 percent in 1977-78 and to only 
43.7 percent in 1985-86 by head count measure (Iyengar and Bramananda, 
1987). The per capita intake of calories has increased from 2026 in 
1960-61 to only 2228 1985-86 (Gaiha, 1988), reducing the level of 
malnourished people from 53 percent in 1960-69 to 41 percent in 1985-86 
(FAO, 1989). 
2 
Several explanations have been given for the distressing 
underachievement of the Indian economy in alleviating poverty: absence 
of balanced distribution of food and sustained generation of sufficient 
purchasing power among the poor (World Bank, 1986; Basu and Sisson, 
1986); slow per capita growth of Indian economy at a rate of less than 
1.5 percent in the seventies (Lakdawala, 1988); erroneous policies and 
basic deficiencies in the design of development plans (Rao, 1982, 1983); 
continued increase in population growth (Chakravarty, 1987); and poor 
design and implementation of agricultural and food price policies 
(Binswanger and Quizon, 1988; Quizon and Binswanger, 1986). However, 
there exists a general consensus that currently India's foremost 
development problem is the alleviation of poverty and malnutrition and 
appropriate planning to meet the basic food requirements of targeted 
groups of the malnourished population (Chakravarty, 1987). 
In India, like in most of the developing countries, the government 
intervention policies tend to be indirect taxes or subsidization (Deaton, 
1987). Policies that are aimed at increasing the food intake have 
predominantly taken the form of food subsidies. Policies to increase 
food consumption in India, such as food aid, supply-oriented 
interventions and subsidized rations have, in the past, had distortionary 
effects on the balance of supply and demand for food (George, 1988). 
Evaluation of such policies have shown mixed results in terms of meeting 
the adequate need for food by different groups of consumers and the 
distribution of food among them (Binswanger and Quizon, 1988). Studies 
have suggested that this could be due in part to a lack of reliable 
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estimates of price and income elasticities of food commodities and/or 
ineffective utilization of available elasticity estimates in food policy 
formulations (de Janvry and Subbarao, 1986 and Timmer, 1989). 
Studies on estimation of demand system in India have used various 
sources of data with various assumptions on the forms of demand systems 
resulting in different estimates of demand parameters for the same 
commodity (Majumder, 1986). Also, largely due to inadequate length of 
good time-series data on prices of food commodities, the estimations were 
confined to broader groups of commodities. For instance, in most cases, 
rice, wheat and six other small millets were aggregated to form a group 
of cereals and cereal substitutes. Thus, formulations of commodity 
specific subsidy policies, especially for rice and wheat, have had to 
rely on approximations derived from major commodity groups, either 
cereals or food. In cases where the price and income elasticities were 
available for these commodities they were based on single equation 
estimations for that particular commodity. The use of these parameters 
in policy analysis largely ignores the substitution of that commodity for 
other food commodities which have similar taste and nutritional value and 
for other nonfood commodities (Deaton, 1986). Also, price and income 
elasticities of major sources of nutrition, such as milk, vegetables, 
oils and meat products, have not been estimated since they have been 
grouped into "other food" category in earlier studies (Ray, 1980; Murty, 
1980; and Coondoo and Majumder, 1987). 
When policies are derived to achieve specific policy objectives and 
targeted at a specific group of rural or urban population, the use of 
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price and income elasticities of the aggregated population may not be 
useful. Different socio-economic groups of the population may react 
differently to food policies, due to the differences in their resource 
constraints, ability to substitute between goods and tastes and 
preferences (Behrman and Deolalikar, 1987; Silberberg, 1985; Shah, 1983; 
and Greer and Thorbecke, 1984). This is particularly important when 
policies are formulated to meet the needs of households at the lowest 
levels of nutrition intake or low levels of income (Pinstrup-Andersen, 
1986). Thus, it becomes essential for successful policy implementation 
to have information on how these households would react to these policies 
in terms of direct and cross price and income elasticities (Timmer, 
1981). Such attempts are increasingly given importance in food and 
nutrition policy analysis (Sahn, 1988). 
Demand elasticities provide information on the response of food 
intake to any change in food prices and income but do not directly 
provide information on the resulting intake of nutrients. In food policy 
analysis, although a subsidy on a food item may be expected to increase 
its consumption, the changes in nutrient intake overall, in general, can 
not be predicted (Pitt, 1983). Thus, information on the response of 
nutrient intake to changes in food price and income become a fundamental 
requirement when food policies are evaluated for their reduction in 
malnutrition among different groups of households. 
There is also a need to evaluate the policies that increase income 
of the households for their impact on household nutrition. A comparison 
of expenditure and price elasticities of food with income levels may 
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help to explain the income-nutrition relations. More specifically, 
analyzing the changes in food demand elasticities along with nutrient 
elasticities with different levels of income may explain the pattern of 
intake of nutrition across societies. Behrman and Wolfe (1984) reported 
a significant inverse association between income elasticities of food and 
income levels for Nicaraguan households. Similar and more substantial 
declines in income elasticities of food as income increases have been 
found in other developing countries (Pinstrup-Andersen and Caicedo, 1978; 
Timmer and Alderman, 1979; and Murty and Radhakrishna, 1982). However, 
only a few studies have been conducted to analyze the changes in 
nutrition elasticities with changes in income levels (Pitt, 1983; Sahn, 
1988). 
International agencies working on reducing poverty and malnutrition 
in developing countries have maintained that the problem of food security 
and malnutrition is largely due to lack of income (World Bank, 1986). 
However, recent studies have challenged this argument based on household 
sample survey analysis (Behrman and Deolalikar, 1987; Behrman, 1988; and 
Sharma and Dillon, 1987). Most of the studies that analyze the 
income-nutrition relation tend to have biased estimates of nutrition 
elasticities either due to the methodology of calculating nutrient 
elasticities from expenditure-system based estimates (Behrman, 1988) or 
due to the use of aggregate food categories without considering the 
quality differences among foods used for the calculation of the nutrients 
that reflect a positive association between nutrient unit cost within 
such food groups and total expenditure (Poleman, 1981). There is also a 
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need to test the income-nutrition relation with more reliable estimates 
of nutrition elasticity parameters taking the above issues into 
consideration. 
Objectives of the Study 
The general objective of the present study is to provide improved 
estimates of price, income and nutrition elasticities for Indian 
consumers. It is also of interest to analyze the income-nutrition 
relations using the parameters obtained from the empirical estimation. 
Given the importance of utilizing available sources of data in developing 
countries where household survey data have been obtained in different 
points of time (Deaton, 1987 and Pinstrup-Andersen, 1986), the present 
study also utilizes a pooled data set of cross-section time-series data 
from both rural and urban households. After reviewing the existing 
studies for their data sources, methods of analysis and levels of 
aggregation of households, the present study is designed to achieve the 
following specific objectives. 
1. To estimate a complete system of demand equations for ten expen­
diture groups of Indian consumers in both rural and urban sectors. 
2. To derive the nutrition elasticities of income and prices based 
on own price, cross price and income elasticities. 
3. To compare the food consumer behavior of various groups of 
households towards changes in income and prices. 
4. To test the income-nutrition hypothesis that increases in income 
is accompanied by increases in nutritional intake. 
7 
Organization of the Study 
This study is organized into six chapters. This first chapter 
discusses the problems and issues related to the availability of reliable 
estimates of income and price elasticities of food commodities in 
developing countries, and particularly in India, and outlines the 
objectives of the study. Chapter II presents the review of literature 
divided into three sections. The first describes consumer demand theory 
with emphasis on the derivation of consumer demand functions. The second 
reviews empirical demand systems, while the third is an overview of 
demand studies in developing countries and in India with special 
reference to food demand systems. In Chapter III, a description of the 
Indian economy along with the sources of data, quality of data, variables 
used in the study, and limitations of data are given. In Chapter IV, 
estimation procedures utilized are presented with a description of 
statistical tests employed in the study. Chapter V discusses the results 
of the demand system estimation for different groups of households, 
calculation of nutrition elasticities and test of the nutrition-income 
hypothesis. Finally, Chapter VI contains a summary, conclusions, 
implications, limitirions of the study and avenues for future research 
based on the results of the study. 
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CHAPTER II. REVIEW OF LITERATURE 
This chapter on review of literature is divided into three major 
sections. A review of consumer demand theory is given in the first 
section. The second section reviews empirical methods of demand systems 
estimation, and in the third section demand studies for developing 
countries and India àre reviewed to set the stage for the discussion of 
results analyzed in the present study. 
Consumer Demand Theory 
In applied economic analysis, the role of economic theory becomes 
crucial in the formulation of economic models and interpretation of 
results of data analysis; more so in applied demand analysis. The theory 
of consumer demand provides a structure based on which a set of consumer 
demand equations for various commodities can be derived, given the prices 
and preferences of commodities and the disposable income of the consumer. 
The problem of allocating the consumer income to various commodities can 
be formulated in a utility maximization framework (Varian, 1978; Deaton 
and Muellbauer, 1980b; Phlips, 1983; Powell, 1974; and Theil, 1975 and 
1976). In this section, an outline of the axioms of utility maximization 
theory and the derivation consumer demand functions is presented along 
with a brief description of the properties of consumer demand functions. 
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Utility maximization 
The theory of consumer demand based on utility maximization rests on 
certain axioms to formalize the preferences of the consumer among 
alternative commodity bundles. If there exists a bundle of commodities 
Qj = (qj, ...J q^) and another bundle of commodities q^ = (qj, qj|), 
according to the completeness assumption, the consumer has the ability 
to rank these bundles and choose between them (q'^q" or q"^q'; & meaning 
"is preferred to"). 
The reflexivity assumption states that each bundle is as good as 
itself (q'^q'), which is a mathematical necessity. According to the 
transitivity axiom, if q'^q" and q">q"', then q'jiq"', the consumer is 
consistent in his preference of commodity bundles. These three axioms are 
sufficient to guarantee a set of commodity bundles to which a consumer 
would be indifferent in preferring one over the other (Deaton and 
Muellbauer, 1980b). However, for the existence of a utility function 
which transforms the commodity bundles into utility, the continuity 
assumption is needed which states for any bundle q', define A(q') a set of 
bundles preferred to q'(q: q&q') and B(q') a set of bundles not 
preferred to q'(q: q'>q); then for any q' in the choice set, A(q') and 
B(q') are closed sets that are contained in their own boundaries. 
Once the existance of utility function is postulated, two additional 
axioms are used to guarantee the best choice that maximizes consumer's 
utility. They are (a) non-satiation axiom, which states more of a good is 
always preferred to less; if q' is greater than q" then q'> q" and (b) the 
c o n v e x i t y  a x i o m  a c c o r d i n g  w h i c h  i f  q ' ^ q " ,  t h e n  f o r  a n y  0 < A < 1 ,  X q '  +  
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{ l _X)q»>q"  meaning a linear combination of q' and q" is preferred to q". 
The convexity assumption is met if the utility functions is strict 
quasiconcave. The assumption of quasiconcavity of the utility function 
along with twice differentiability is used conventionally in consumer 
demand theory (Deaton, 1986). 
Suppose there exists a utility function, U(q), that represents the 
preference ordering of the consumer, where q is the vector of commodities 
over which the disposable income of the consumer x is allocated. Given 
the assumption that U(q) is an increasing function (U'(q)>0) along with 
the assumptions of continuity, twice differentiability and strict quasi­
concavity, the consumer allocation problem is the determination of the 
quantities of the commodity vector q from maximizing the utility subject 
to a budget constraint P'q = x, where P is a column vector of commodity 
prices. The common procedure of solving this constrained optimization 
problem is the Lagrangian method. The Lagrangian function is given by 
where \ is the Lagrangian multiplier. Differentiating (2.1) with respect 
to qj and X yields n+1 first order conditions 
Consumer Demand Functions 
max L = U(q) + X[x - P'q] 
q,X 
( 2 . 1 )  
j-1, n ( 2 . 2 )  
X - P'q = 0 (2.3) 
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Solving this n+1 system of simultaneous equations, applying implicit 
function theorem (Apostol, 1957), results in what is referred to as the 
ordinary or Marshallian demand functions; 
Qj = qj(Pi, ^2* ••• ''n' j=l, 2, ..., n (2.4) 
X* = MPp Pg, . .. P„, X) (2.5) 
The regularity conditions on the utility function ensure that these 
1 All functions are unique in prices and income. The term X = -^ is the Hi à q .  
marginal utility of income; -I- is the number of units of q. which can be 
gn 
purchased with one unit of income and, 3— is the marginal utility of q.. oq- I 
To verify that the first order conditions given in (2.2) and (2.3) 
yield a maximum, the second order conditions are derived and expressed as 
q'Uq^O for all q such that P'q = X. The assumption of strict 
quasiconcavity of the utility function ensures that this is the case. 
Properties of Marshallian Demand Functions 
The properties of demand functions guide the empirical analysis in 
testing consumer behavior from real world data. These properties are 
always effective irrespective of the form of utility function and take the 
form of mathematical restrictions on the derivatives of the demand 
functions. These properties are, in general derived from manipulating the 
first order conditions presented earlier in (2.2) and (2.3). The results 
of changes in prices of commodities and income level of the consumer are 
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described by the partial derivatives of the first order conditions. There 
are, in general four basic properties of demand functions, namely, adding 
up, homogeneity, negativity and symmetry that are important in providing 
testable hypotheses to test the rationality of consumer behavior. 
Properties 
Adding up The property of adding up states that the income or 
total expenditure should be the addition of values of the Marshallian 
demand functions. Formally, 
Pjqj + ... P„q„ = X 
which is the linear budget constraint given in (2.1). Substituting 
q*(P, x) for we get 
S P.q.(P, x) = X (2.6) 
i 
Two other sub-properties could be derived from (2.6). 
Differentiating (2.6) with respect to income x, gives 
Pi 3-% + ^2 --f + Pn -ir = 1 • 
Pi Pi 
Now multiplying each term by (— —), yields X 
By writing in elasticity notation, the following equation 
13 
*1 *lx + --- + "n Gnx ' 1' (2.7) 
is obtained where w^ is the budget share of good 1, and e^^ is the income 
elasticity. This condition which says the sum of weighted shares of 
income elasticities is equal to one, the weights being the budget shares 
of the commodities. This condition is known as Engel aggregation. 
Differentiating (2.6) with respect to any price Pj, 
3qi Sqo 9q,- aq. 
^1 9fT * ^2 9PT + ''' + Pj âpT + ^n 3^7 = ^ 
qi p -j 
and multiplying each term by — and by -7, yields 
X 
Sl'l '"1 Pj , qjPj ^ "j-Pj ^"1 ''j , PnCn , 
— âp^q];-' ••• — âPTq;; - ° • 
By writing in elasticity form, the following expression is obtained 
"l®lj * "2®2j *  • • •  * "j * ••• "n^nj ' " '2'®' 
J "i«ij = -"j 
where w^ is the budget share of good i, and e..j is the cross price 
elasticity of i^*^ and j the commodity and e^j is the own price 
elasticity. This condition, which says that the sum of the own price 
and cross price elasticities weighted by their budget shares due to 
change in price of commodity is equal to the negative of the 
budget share of the commodity, is known as Cournot aggregation. 
14 
Homogeneity The Marshallian demand functions are homogeneous of 
degree zero in prices and income, meaning that if we multiply all the 
prices and income by a constant k, the optimal quantity demanded of 
commodities is unchanged. 
According to Euler's theorem, if a function f(y) is homogeneous of 
degree 9, then derivatives of this function satisfy the following 
properties: 
%^1 + ••• " 
Applying this to (2.4), q^(Pj ... P^, x) gives 
3q. 3q. 3q. Sq. 
ap-Pl + ^2 + "97 X = 0" 9i(P, X) = 0 . (2.9) 
By dividing (2.6) by q^ the following results 
P-j Pp ^"^i ^n % 
3P[ q[ + 9P^^ q: + âP^^ q: + q: 
*11 + *12 + --- «in + *1% ' 0 (2-10) 
where e.j is the elasticity of demand i with respect to a change in price 
of good j; e.^ is referred to as own price elasticity and e^j is 
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referred to as cross price elasticity; e^.^ is the elasticity of demand 
with respect to a change in income known as income elasticity. 
Rewriting (2.7) as 
j ®ij ' • ®ix 
says that the sum of all own and cross price elasticities is equal to the 
negative of the income elasticity. This condition given by the 
homogeneity property of demand functions is also referred to as the row 
constraint. If there are n demand equations then there will be n 
restrictions on the demand systems based on row constraints. The 
property of homogeneity is also due to the construction of the utility 
maximization problem with a budget constraint. 
Negativity This property states that the (n x n) matrix formed 
3q. 3q. 
by the is negative semidefinite. The elements ^p- are denoted by 
S^.j and the Matrix S (S^j) is called the Slutsky matrix or substitution 
matrix of compensated price responses. The negativity property places 
the following inequality restriction on s^.^.; the diagonal elements must 
3q .  
be nonpositive for all i, s.. 
1 I *j 
assumption of quasi-concavity of the utility function by which the 
second derivative with respect to any price is negative. 
Symmetry The symmetry property of demand functions follows from 
the Slutsky equation, for any price j 





3 q .  
J *  " 3 ^  
Writing the r.h.s. in elasticity form gives 
9q. 
_ f i  "11.1 ^"1 X 
-  5PJ ,1 p. X ^ q, 
( 2 . 1 1 )  
' T: + =1x • 
Similarly, for the own price P^, 
3P,- ( 2 . 1 2 )  
Equating (2.11) and (2.12) using Young's theorem yields 
J ^ ^ *ix = Gji ?T ^ ®JX 
Qi q. q,-q.-
'lj ° 17 ~ '®jx - =ix' 
q jP j  p ,q ,  
*ij ' *j1 qjpf + (Gjx - :,x) 
° ^ "j (*jx - Six' 
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Thus, symmetry condition says that if budget shares and one set of cross 
price elasticities' are known along with income and own price elastici­
ties, another set of cross price elasticities could be calculated. 
In applied demand analysis, the properties of demand functions 
discussed above have important implications in terms of testing the 
hypotheses of consumer theory, in imposing certain restrictions on the 
parameters of estimation and the expected signs of elasticities. By 
Engel aggregation in adding up property, Z w. e.^ = 1, so only n-1 of 
the income elasticities are independent. By homogenity property 
Z e-. + e. = 0 for each demand function there is one redundant j T* 
elasticity and, therefore, n redundant elasticities for n equations. By 
the symmetry property knowing the budget shares and one set of off-
diagonal elements, the other set of off-diagonal elements could be 
calculated which reduces the number of independent elasticities by 
l/2(n^ - n). In practice to derive all price and income elasticities 
we need to estimate n^ + n parameters (n^ price and n income 
elasticities). Using the properties of demand functions, namely 
homogeneity, Engel aggregation and symmetry, the number of independent 
parameters to be estimated can be reduced to 
[(n^ _ n) - n - 1 - " ")] = ^ " - 1 . 
This is very useful when the applied researcher is faced with the problem 
of a small number of observations. For example, if the number of goods 
to be analyzed is 10, then the total number of elasticities to be 
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estimated is 110. However, using the above restrictions, only 54 
parameters need to be estimated. Also, expected signs of elasticities 
can be derived from these restrictions. For example, using homogeneity, 
if all cross elasticities and the income elasticity for a good are 
positive then its own price elasticity should be negative. 
Specialized Utility Structures 
In addition to the information provided by the theoretical 
properties of demand functions, the assumption of a specific form of 
utility function imposes yet further conditions. The choice of a 
specific form for the utility function depends on prior knowledge of the 
consumer's preference structure. Very common behavioral assumptions 
embedded in specifications of utility functions are separability and 
additivity. The restrictions that these concepts imply for the demand 
parameters along with their behavioral consequences are summarized 
below. 
Separability 
In most of the empirical analysis of the demand system, the use of 
aggregate data for quantities such as food, clothing and housing is 
common along with their price indices, rather than individual quantities 
of elementary commodities q^ and their prices as described in the 
theory. The use of such aggregate data requires the assumption that the 
utility function is separable in these aggregates, a condition under 
which decisions involving these aggregates give a utility level that is 
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equivalent to the one that would be articulated in terms of the 
individual commodities. 
Separability in general implies that the marginal rates of 
substitution between pairs of goods in separated goods are independent of 
the levels of commodities consumed outside that group (Phlips, 1983). The 
concept of separability allows the use of aggregate data and is consistent 
with optimization by stages. 
Weak separability 
In the case of weak separability, the utility function is written as 
U(q) = f[U^(q^), Ugfqg) ... Ug(qg) ... U^(q^)] (2.13) 
where U^(q^), Ugtqg) ••• are sub-utility functions or felicity functions 
associated with q^, qg ... and f is increasing in the sub-utility levels. 
The n commodities are partitioned into m< n groups and each group has 
n^ commodities. The necessary and sufficient conditions for U(q) to be 
weakly separable with respect to the m groups is given by 
aCU.(qp)/U.(qp)] 
- \ n  = 0 (2.14) 
39 k 
where i and j belong to the group G, k belongs to group K, and (G f K). 
The compensated demand for a good in a sub group is given by 
^iG ~ ^iG^^G' ^G^ ^G " X)' 
Where Pq is price index of group G, Xg is expenditure on group G, 
and P is aggregate price index and X is total expenditure. The condition 
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(2.14) has important implications for the demand functions. To analyze 
the consequences of this assumption on substitution effects, consider a 
good q^ in sub group G and a good qj in sub group H and H = G. The 
pure substitution terms are 




. '"j '"H Sji ( 2 . 1 6 )  
By the symmetry condition discussed earlier S.. = S..; so that rewriting IJ Jl 
the above equations gives. 
9Xg  3P j  u = 
3x. 








note, that is a constant for any two commodities from sub groups 6 




9Xg 9q .  
(2.17) 
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Now substituting in (2.15) 
3q, 3q 
° 3Xj • axjj • 
for i from G 
and j from H. 
For any good q_ and any group K 
9x ~ 3X|^ * 3X 
SQr ' 
= -gY / "97 ; substituting in (2.15) 
^ij = ^GH • 






Ç s 11 _____ 
^ij ^GH • 3x 3x 
3Xg  3x  
where Ugj^ = ; is the parameter summarizing the pattern 
of substitution between branches G and H. Rewriting in elasticity terms 
using Slutsky equation gives 
3q^  9q .  3q .  
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3q. 9q 3q 
^GH • Tx • ~3x " Tx (2.18) 
3FT X • 3x q^ q^ 3x * x ' x 9x q^ 
®tj = »GH • ®fx «jx "j - «j ®ix ?îro/r '2.19) 
and G # H 
where 8gy is the coefficient of proportionality. Equation (2.19) implies 
that all elements of the matrix of demand elasticities Cl/2(m^ - m)] 
could be identified if the income elasticities (n) and the group 
substitution terms Gg^'s are known. Thus, under weak separability 
assumption, the number of independent estimates of elasticities required 
1 2 to determine the system of demand functions is reduced to n + ^ (m - m). 
Strong separability and additive preferences 
This condition is a special case of weak separability where the 
overall utility function is of the following form; 
U(q) = fCUj(q^) + UgfqZ) + ... UJq"^)] (2.20) 
where each is a function of the q^ in that group. The utility 
function U(q) is strongly separable with respect to partition 
(U^, Ug, ... U^), if the marginal rate of substitution between two 
commodities i and j from different groups I and J, respectively, does 
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where and Uj indicates partial derivative of U with respect to and 
Qj, respectively. For three different goods from three groups, i, j, 
and k belonging to I, J, and K, respectively, this implies 
9q. 3q. 9q. 9q 
Sij = ^ij "95r~93r" -97-% 
where L is the union of subsets J and K. Also ' 
9q. 9q|^ 9q^ 
^1k = -97 -9f = 
since k belongs to the new group L. Rewriting 
A / 
WlK 9x ' 9x' ~ 9x ' 9x 
3q, 3qj 
which means yjj = 2 . It follows that S^j = and by 
9q. 9q. 
anology Sj^ = Pj . Also, since S. j  = Sj., = Wj = y.  Thus, 
9q. 9q. for i belongs to I 
for strong separability S.. = y -57 -57 j belongs to J (2.22) 
and I ^ J. 
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where y is independent of the commodity groups to which i and j belong. 
Because of additivity, the commodity groups are not interconnected, that 
is, there are no unique utility branches. With strong separability the 
Slutsky equation for cross-price effects in elasticity terms is 
«ij = ® ®ix "j -  "j ®ix (2-23) 
for i belongs to I, j belongs to J and I f J. Thus, for the complete 
demand system only n+1 parameters need to be estimated; n income 
elasticities and a value for 9. 
Block additivity 
This is a special case of strong separability where the function f 
in equation (2.20) is set to unity. Under this assumption the marginal 
utility of the i^^ commodity depends on the quantity of the 
commodity only if i and j belong to the same block. The block utility 
function U(q) can be written as 
U(q) = Uj(q^) + Ugfqg) + ... (2.23) 
where q^ is the vector of commodities in the i^*^ block. The number of 
parameters to be estimated in a complete system of demand equations under 
this assumption depends on the number of groups and number of commodities 
in each group. After imposing the usual restrictions given by demand 
function properties, the number of parameters to be estimated reduces to 
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m 2 (n + E n^) / 2 where m is the number of blocks and n^ is the number of 
commodities in m^^ block. 
Direct additivity 
Also known as point-wise separability, this is also a special case 
of strong separability in which the function f is defined as an identity 
function and each component of utility function, Uj(q^) contains only 
one element. The condition on the cross-partial derivatives of the 
au. 
utility function becomes = 0 for all i and j. 
The Slutsky term S^j, reduces to a general substitution relation, 
^ij = ^ -W-5f 
where u = - X(|j). The expression for the uncompensated cross-price 
elasticities is, in this case 
®ij = 9 ®xi ®xj - "j ®ix (2.24) 
u 1 
where 0 = - and is the money flexibility parameter (Frisch, 1959) X 9 
which describes how the level of marginal utility of money changes in 
relation to its rate of change with the level of money or income x. This 
simple preference structure require only estimates of n income elastici­
ties and the income flexibility parameter (y) for a complete characteri­
zation of the demand system. Also, the substitution matrix is 
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positive if P>0 and the income elasticities are all positive. Thus, 
under direct additivity assumption, inferior and complementary goods are 
excluded. These behavioral implications suggest that direct additivity 
should be used only for broad groups of commodities (Johnson et al., 
1984). For the present study, these concepts are important. For 
estimating the food demand systems, the food commodities are assumed to 
be separable from nonfoods. Among food commodities, the food grains are 
assumed to be separable from nonfood grain foods. A procedure for 
testing weak separability is presented in Chapter IV. 
Aggregation Over Consumers 
The market demand functions are defined as the horizontal summation 
of the individual demand functions of all the consumers under competitive 
market conditions. If the individual household's demand function for 
i^^ good is given by 
where h is the household then the market demand would be given by 
Aggregation over consumers deals with the transition from the 
individual household behavior to the analysis of the market demand. Two 
issues are important in the analysis of aggregation: (1) under what 
Qi = q?(P, x^); h =1, ... H (2.25) 
q. = E q;(P, x^ / H 
^ h=l 1 
( 2 . 2 6 )  
= f.(P, x\ x^ 
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demand function does f.(P, x\ x^, ... x'^) = q"^(p, "x)?, and (2) does 
ÏÏ^(P, jT) have the same properties as q!?(P, x^)? 
Intuitively, if in q'^(P, %), price and average income do not 
change then "q^. remains the same; however, if the marginal propensity to 
consume (MPC) changes due to income redistribution, then the above 
aggregation may not hold. Consider a linear function 
qÇ = a^(P) + b.(P) x^ 
in which if b^(P), the marginal propensity to consume is the same for all 
consumers in the market, then f.(P, x\ ... x*^) = q\(P, "x) is satisfied. 
To verify this rewrite 
E q1 
Sr ° 'h I, "f *''' 
E a^ b. S x^ 
h V, ^ h 
q^ = a^.(P) + b^. X (2.27) 
Thus, if Engel curves are linear or demand curves are linear in income 
and MPC is same for all the households, then the individual demand will 
be the same as aggregate demand if there is mean preserving reallocation 
of income. 
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In terms of income elasticities, as income goes to a, the e^^ goes 
to 1. Thus, to have linear Engel curves the individual demand curves 
must be quasi-homothetic. If the individual expenditure functions 
are quasi-homothetic given by C^(P, u'^) = a^(P) + Ub(P) and if we have 
(2.25) which are linear in income, then there exists a market cost 
function, 
C(P, U) = a(P) + UF(P) 
More generally, if we use a representative budget level for the consumer 
in the market rather than the average income then the requirement of 
linearity of Engel curves is not needed. Thus for q^ = q^(P, x^), the 
exact non-linear aggregation is said to hold if 
H h h 
z qV (P, x^ 
n=l ^ = q. (P, x^) (2.28) 
H 
where x^ is the representative budget level of consumers. 
Duality, Indirect Utility and Cost Minimization 
Indirect utility function and Roy's identity 
The solutions of utility maximization U(q) subject to a given budget 
constraint Pq^X are given by a set of Marshallian demand functions 
denoted as q*(P,X). Using these optimal quantities in original utility 
function, the maximized utility function is given by U* = UCq*(P,X)] 
= V(P,X). This is called the indirect utility function and has the 
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following properties: (i) V(P,X) is continuous in P and X; (ii) it is 
non-increasing in vector of P and non-decreasing in X (monotonicity 
property); (iii) V(P,X) is quasi-convex; (iv) V(P,X) is homogeneous of 
degree zero in (P,X); and (v) by the derivative property, the Marshallian 
demand function could be retrieved from indirect utility functions using 
Roy's identity (Roy, 1942), q^(P,X) = - The Roy's 
identity is derived as follows: 
The derivative of V(P,X) with respect to any price P^, 
3V _ " 3U ^.i 
3P, 
from the first order conditions of the (2.1) 
Thus, 1^ = X J Pj ^ ; 
using the adding up (Cournot aggregation) property of the Marshallian 
9q. 
demand function s P. = -q. and j J 1 
-py = - X q, . (2.29) 
The derivative of V(P,x) with respect to x, 
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av _ " au 
^ " 1=1 3^1 ax 
n 9q. 
= A Z P-. -T-- ; by Engel aggregation property 
i=l ^ 3* 
3q. 
Pi _  = 1 ;  thus. 
— = \ , the marginal utility of money. 
Also, 9V 8 Pi 
qi = - av . ^  3P. '  ax (2.30) 
This result has important implications in applied demand analysis. If a 
functional form is assumed for V(P,X) then the estimable form of 
Marshallian demand equations could be derived using Roy's identity and 
will have the same structure as the ones derived from direct utility 
function (Barten and Bohm, 1982). The approach to derive demand 
functions using indirect utility function is also amenable for 
applications in welfare economics and index number analysis since it 
represents the allocations to achieve the maximum utility levels under 
different prices and income (Jorgenson et al., 1982). 
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Cost minimization and Hicksian demand functions 
In utility maximization approach of deriving demand functions for 
commodities, the consumer's problem was to maximize utility for a given 
level of income. The optimizing solution of this problem was used to 
attain some utility level of U. If reformulated as one of choosing the 
commodities to minimize the total expenditure to reach the same level of 
U, then this problem is described as a "dual" problem of the former 
approach. The expenditure minimization problem is given by 
Min P'q ; subject to U(q) = IT (2.31) 
q 
and the solutions of this constrained optimization problem are a set of 
quantity demand functions which are functions of P and U, q* = h\p,U), 
called Hicksian or compensated demand functions. The minimized 
expenditure function of this problem is given by substituting the optimal 
values of q* into P'q. Thus the minimized expenditure or cost to 
achieve a certain level of utility U given the price vector P is 
P'q* = Ph(P,U) = C*(P,U). This is known as expenditure function or 
cost function. The properties of C*(P,U) are useful in understanding 
the restrictions on the demand functions. They are summarized as (i) 
C(P,U) is continuous in P and U; (ii) it is non-decreasing in P and U 
(monotonicity); (iii) homogeneous of degree one in prices; (iv) concave 
in prices ; and (v) by the derivative property the Hicksian demand 
functions could be retrieved from cost functions using Shephard's lemma 
(Shephard, 1953): h^ (P,U) = The indirect utility function 
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could be derived by inverting the cost function and vice versa using 
Shephard-Uzawa duality theorem (McFadden, 1978; Diewert, 1974, 1980). The 
Marshallian demand functions could be derived by substituting the inverse 
of expenditure function into the Hicksian demand function (Deaton and 
Muellbauer, 1980b). Using appropriate functional forms in the cost 
function the demand functions could be derived for applied empirical work 
(Deaton and Muellbauer, 1980a). 
These relations from duality results can be combined together as 
fol lows: 
U = U(q) 
Min Pq subject to U(q) = ÏÏ Max U(q), subject to Pq = X 
Hicksian demand 
Substitute q 
in Pq = C 
Back substitution 
Shepherd's lemma U = V(P,X) 
Substitute q* in U(q) 
Marshallian demand 





Figure 2.1. Relations from duality results. 
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Empirical Demand Systems 
In general, there are three broad approaches to specify applied 
demand systems. The first approach is to derive a system of demand 
equations from utility maximization problem assuming specific forms of 
utility functions. The linear expenditure system and indirect addilog 
model are examples of this approach. The second approach is deriving 
demand equations based on an approximation to an arbitrarily specified 
functional form, as in the Rotterdam model, transcedental logarithmic 
system, and almost ideal demand system (AIDS). The third method is to 
construct models with ^ specifications directly imposing theoretical 
restrictions as in the generalized addilog model and Their s multinominal 
extension of the linear logit model. An understanding of the use of these 
demand systems for different purposes and situations and their limitations 
is helpful in selecting appropriate models to work with and assess the 
validity of the empirical results from implementing them. Detailed 
reviews of these demand systems are given in Barten (1977), Johnson et al. 
(1984), Deaton (1986), and Bewley (1986). Also, a number of comparative 
studies of demand systems have been carried out to evaluate the 
appropriateness of these models (Parks, 1969; Yoshihara, 1969; Goldberger 
and Gamaletsos, 1970, 1973; Deaton, 1974; Theil, 1975, 1976; Lybeck, 1976; 
Pollack and Wales, 1978; Klevmarken, 1979; and Hansen and Sienknecht, 
1989). 
Examples of these approaches to empirical demand systems are reviewed 
here to form a basis for further review of applied food demand studies of 
developing countries in general and the demand studies from India in 
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particular. Some of the extensions of these models with recent advances 
are also discussed. 
Linear expenditure system 
Introduced by Klein and Rubin (1947-48) in an attempt to construct a 
true cost-of-living index, the linear expenditure system (LES) was the 
first empirical estimation of a system of demand equations satisfying all 
general restrictions. Stone (1954) showed that the only linear form of 
demand systems that satisfys the theoritical restrictions of adding up, 
homogeneity and symmetry is the LES. 
The direct utility functions for the LES is of the Stone-Geary form 
where C's are subsistent requirement of and b^ is marginal budget 
share. 
Maximizing (2.32) subject to budget constraints results in 
Marshallian demand equations given by 
U(q) = n(q, - G.)bT; Z b. = 1 (2.32) 
(2.33) 
where (X - e P. .) is the available income to allocate among goods in 
fixed proportions b^ and is termed as supernumerary expenditure. 
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Substituting (2.33) in U(q), the indirect utility function is given 
by 
(X - s p c.) . . 
V J,.J ; bo = n bi°^ (2.34) 
bo n PjOJ 
The cost function derived from the inversion of the above indirect utility 
function can be written as (Deaton and Muellbauer, 1980b) 
" bk C(U,P) = Z P. + U n P.°K (2.35) 
k k=l K 
where Z Pj^ Cj^ is the fixed cost on subsistence requirement with no 
bk 
substitution and Ilpj^ is the term that allows for the utility to be 
attained at a constant price per unit. 
The linear expenditure system can be derived by differentiating 
(2.35) with respect to prices using Sheppard's lemma and substituting in 
the indirect utility function; 
P. q = C. P. + bi(X - Z P. C.) (2.36) 
11 11 j J J 
i=l, n goods. The number of parameters to be estimated are 2n(n of 
C's and n of b's). Given the constraint imposed Zbi = 1, the LES needs 
only (2n-l) parameters to be chosen independently. The adding up and 
symmetry conditions are satisfied by imposing the following restrictions 
on the parameters of the utility function (2.32), ^bi = 1 and 0< bi< 1; 
q>C^.; respectively. The income elasticity for commodity i is given by 
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I X  w .  ( 2 . 3 7 )  
where wi is the average budget share. The marginal budget shares X  
for LES are then given by bi = e^^ wi. The own price elasticity for 
commodity i is given by 
and the cross-price elasticity between good i and price of good j is 
given by 
so that for LES, all goods are gross complements (Johnson et al., 1984). 
The LES incorporates the restrictions implied by an additive utility 
structure, (2.32) thus maintaining strong separability assumptions with 
price and expenditure elasticities proportional (Deaton, 1974). This 
condition is appropriate only for broad groups of commodities which 
restrict the use of LES in disaggregated commodity analysis. The 
restriction 0 < b^ <1 implies that all income elasticities are positive, 
thus not allowing for negative income elasticities such as in inferior 
goods. Because of few parameters, LES is applied in cases where data are 
scarce and less parsimonious models cannot be used (Lluch, Powell, and 
Williams, 1977). Despite these limitations, however, experience with LES 
C; 
e- . = - 1 + (1 - bi)(—) 
n q. (2.38) 
(2.39) 
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shows that it is a reasonable model if the goods are broadly grouped and 
price variations within these groups are restricted (Phlips, 1983). 
A generalized version of the linear expenditure system (GLES) was 
developed by Wales (1971) incorporating the concept of elasticity of 





i l  (2.40) 
where o is the elasticity of substitution and LES is a special form of 
GLES with a = 1. 
Another extension of the linear expenditure system has been to 
incorporate intertemporal effects (Lluch, 1973) and could be written as 
Pit "it = Pit Cit + bit'" - I = Ptk Ctk) + (2.41) 
where and b^^ are parameters specific to periods t which vary over 
the life cycle, W is the current discounted value of present and future 
income and current financial assets, current discounted price of 
good k in the future period t and is the error term. Blundell 
and Ray (1982) and Ray (1985) have proposed and estimated non additive 
versions of LES. Green et al. (1980) and Blanciforti et al. (1986) 
formulated dynamic versions of the LES in which habit formation has been 
incorporated. 
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Indirect addilog model (IAD) 
The indirect addilog demand system or simply the addilog model is 
derived from an additive indirect utility function (Houthakker, 1960) 
i=l ' Pi 
where a and b are parameters with 2^. = -1, a. b. >0 and 0<b. <-1. 
al 1 I 1 
Using Roy's identity to derive addilog demand functions. 
in the log form the addilog model is written as (Somermeyer, 1974; Theil, 
1975) 
X - bi 
In = In a^b. + (1 + b^ ) In(-p^) - In 2 a^.b.(-p^) (2.44) 
which satisfies Engel aggregation, and Cournot aggregation and the 
substitution matrix is negative semi definite given bi>-l. However, only 
quasi concavity of the utility function is required for negative 
definiteness, which implies that at most one b can be equal to minus one 
(Murty, 1982). The income and price elasticities of addilog demand 
systems are given by Johnson et al., 1984. 
n bi 
V(P,x) = Z a.(-S) (2.42) 
q,-(P.x) = bk (2.43) 
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The income elasticity is 
e. = (1 + b.) - b. w. for all i 
l A  *  J  J 
( 2 . 4 5 )  
where 
where the own-price elasticity is 
e^j = - (1 + b.) + b^ Wj for all i (2.46) 
Where - l<e^^<0 with -1 < b^ < 0 and w^ > 0; and 
and the cross-price elasticity is 
all ifj (2.47) 
which depends only on the commodity whose price is changing and not on 
the good whose quantity is responding. The complete set of demand 
parameter in addilog demand system can be estimated with 2n - 1 
independent coefficients (n for bi's and n-1 for ai's). 
A review of demand systems that are approximations of true unknown 
demand structures such as the Rotterdam model, the transcendental 
logarithmic demand systems and the almost ideal demand system is 
presented below. 
Rotterdam model The demand system is started with a specific 
algebraic demand system and then the general demand restrictions are 
imposed to make it consistent with the theory of consumer demand (Theil, 
1965; Barten, 1964). The relative price version of this system begins 
with Stone's (1954) logarithmic demand function. 
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In + e.^ InX + E e^j In Pj (2.48) 
Writing the above equation (2.48) in differential form yield 
dlnq^ = e^^ dlnX + 2 e^jdln Pj (2.49) 
multiplying by the budget share (2.49) can be expressed as 
w. dCln q.] = b. din X + Z C.. din P. (2.50) 1 11 j 1J J 
where din X = din X - Z din P|^ 
3q. 
bi = w. e^^ = Pi 3%-
^i P-j i 
and C.. = w. e-. =——n -, S-. is the (i,j) term in the Slutsky ij I 1J A IJ 
substitution matrix. The total differential of the budget constraint is 
Z p. dq. + Z q. dp. = dX (2.51) 
i=l T T i=l  T 1 
in logarithmic terms, 
n n 
Z w. d[ln q.] + Z w. d[ln P.] = dlnX (2.52) 
i=l ^ T i=l 1 ^ 
The basic idea underlying the Rotterdam model is to view the demand 
theory as a budget sharing process for the consumer. Accordingly, budget 
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shares and the changes in them are of interest rather than the actual 
quantities consumed. Changes in value shares consist of three 
components: changes in income, prices, and quantity consumed. Since 
changes in income and prices are assumed to be given in demand theory, 
the only component behaviorally determined is the change in quantity 
consumed. Following Barten (1969), a typical equation of the absolute 
price version of Rotterdam model can be written from (2.52). 
"n "n = a, + b, : "kt + E c,k a m C2.53) 
where A stands for the first difference operator over time, q^^ and P.^ 
are respectively the quantity consumed of, and the price paid for the 
i^*^ commodity in period t, and w"^^ is the average budget share of the i^^ 
commodity in period t and t-1. a^, b^, (i, k=l, 2 ... n) are the 
parameters interpreted as the intercepts, the income and price 
coefficients, respectively. 
The adding up restriction in Rotterdam model implies 
n 
Z b. = 1; E C-i, = 0; k=l, ..., n. 
i=l ^ k=l 
n 
The homogeneity can be enforced by imposing the restriction Z C.. = 0 
k=l 
and the Slutsky symmetry restriction is given by s^j^ = s^.. 
b.. 
The income elasticity is given by e^^ = The income elasticities 
are positive if bi's are positive. Also it could be noted that e.^|l 
when bill. Thus, if bi>Wj the commodity is a luxury item. The own 
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price and cross price elasticities are given by 




The parameters of the demand system can be significantly reduced if 
additivity restrictions are further imposed (Johnson et al., 1984). 
Then, the required number of parameters are only (n+1) to form a complete 
set of demand elasticities. 
Transcendental logarithmic demand system 
Instead of starting with a specific indirect utility function, 
Christensen, Jorgenson and Lau (1975) approximate the true indirect 
utility function with a second order Taylor series expansion. The 
indirect utility function of the translog model is given by. 
n 
i + Y bji In(^) In(^) (2.56) 
P,- 1 P; P,-
In V = a. + Z a... 
0 1=1 




where = Z a.; b_ = Z b... Thus, the demand system uses 
m J m j ji 
normalized prices with respect to income. A normalization a^ = -1 is 
imposed to identify the parameters of the consumer demand or expenditure 
share equations in (2.57). 
The income elasticity for the indirect translog demand system is 
given by 
- Z '^ij^^j ^ ^ ^ j 
Gjx = 1 + - 1 + Z Z b./ln(P./X) (2.58) 
j i ^ 
The own price elasticity is given by 
bjj/Wj + Z b^j 
= -1 + -1 + Z Z b./ln(p . / x )  (2.59) 
j i ^ 
and the cross-price elasticity is given by 
bji/*j - ^ 
®ji " -1 + z z b.. ln(P./X) (2.60) 
j i ^ 
The translog demand system has been widely utilized in applied 
demand analysis (Christensen et al., 1975; Jorgenson and Lau, 1975). 
Almost ideal demand system 
The almost ideal demand system (AIDS) model proposed by Deaton and 
Muellbauer (1980a) gives an arbitrary first-order approximation to any 
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demand system. It satisfies the axioms of choice, aggregates perfectly 
over consumers, has a functional form which is consistent with household 
budget data and simple to estimate and test the true restrictions of 
demand theory. It also combines the best of the theoretical features of 
both Rotterdam and translog models. The formulation of AIDS uses the 
duality theory and expenditure function instead of utility or indirect 
utility function. The expenditure function is specified as 
lnC(U,P) = a„ + 2 a.lnP. + i E S y*. InP. InP. + Û b^ Z pj^ (2.61) 
0  j  1  1  c  i  j  i j  J  1  0 ^ 1  
where a^, b^., and are parameters, U is utility level and Pj are 
prices. This expenditure function is linearly homogeneous in P, 
* * 
provided Za.- = 1, Z = Z .. = Z b. = 0. It is also consistent with 
1 j iJ i ij J 
aggregation over consumers. Differentiating the expenditure function 
using Sheppard lemma, yields 
w j = + CYij '"P, * " "o "j <2.62) 




Wj = aj + Z a^j InP^j + bj ln(-^) (2.63) 
* 1 * 
where InP = a^ + Z a. InP. + -^ Z Z y.. InP. InP. (2.64) 0 j 1 I c j j IJ 1 J 
is an overall price index, which could be replaced by Stone's (1954) 
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index in empirical applications since (2.64) is highly non-linear. The 
Stone's index is given by 
In P* = Z w. In p. (2.65) 
i ^ 1 
When Stone's index is used in (2.63) the model is termed as linear 
approximation of almost ideal demand system (LA/AIDS). There are three 
sets of restrictions on the AIDS model given by 
n n n 
E a. = 1 Z .. = 0 E b. = 0 E Y,- • = 0 
i=l ^ i=l i=l ^ j 
and = Yj, 
which should hold for the AIDS model to represent a system of demand 
equations (which add up to total expenditure (E w^ =1)) are 
homogeneous of degree zero in prices and total expenditure and satisfy 
Slutsky symmetry. The Slutsky coefficients are given by 
= ^ij - "i Gjj (2.64) 
where j is the Kronecker delta (i.e., when i=j, and equals 0 
otherwise). The Marshallian and Hicksian measures of elasticities can 
be computed from estimated parameters of the LA/AIDS model as follows: 
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( 2 . 6 6 )  
(2.67) 
( 2 . 6 8 )  
where e denotes Marshallian elasticities and d denotes the income compen­
sated or Hicksian measure. Expenditure elasticities can be obtained using 
The restrictions of demand theory can be imposed during estimation 
and tested easily with AIDS. There are several applied studies using 
AIDS including Deaton and Muellbauer (1980a) for Great Britain; Sergenson 
and Mount (1985), Hein and Pompelli (1985), Blanciforti and Green (1983), 
and Hayes et al. (1988) for the United States; Mergos and Donatos (1988) 
for Greece; Fulponi (1989) for France; and Ray (1980, 1982) for India. 
Generalized addilog demand system 
The generalized addilog demand system which is a representative from 
a group of arbitrarily specified demand system is reviewed below. These 
demand systems are not derived from a consumer utility maximization but 
are specified in an ad hoc manner imposing the theoretical restrictions 
directly. 
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The generalized addilog model (GAD) is given by 
n 
(2.70) n n 
where is the average budget share of the i^*^ commodity, Pj are 
the prices, x is the total expenditure, and u^ are the disturbance 
terms. This model reduces to addilog model discussed earlier when 
bij " j=l, n and b^.^ = - b^^; i=l, ..., n. Bewley (1986) 
has shown that addilog model derived from GAD satisfys the Slutsky 
symmetry restrictions and could be derived from a utility function. 
Theil (1969), Tyrrel and Mount (1982) and Considine and Mount (1984) have 
utilized the linearized version of GAD with logarithm of the ratio of 
pairs of budget shares: 
InWj n 
Recently Teklu and Johnson (1988) applied GAD to Indonesia data. 
The GAD models are also referred to as multinominal logit models and 
represent two important propositions. In GAD models, the average 
budget shares sum to unity (adding-up) and the average budget shares 
predicted by the model are non-negative. 
The own price elasticity is given by 
w, n 
i=n, i =1, ..., n (2.71) 
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n 
( 2 . 7 2 )  
n 
(2.73) 
where 5^j is the Kronecker delta. The expenditure elasticity is given by 
n 
= 1 + "ix - "k "kx • (2.74) 
while the above discussed demand systems are some of the most widely used 
demand models, in applied analysis, the choice of the models have also 
been dictated by the form of data used and availability of computing 
facilities for estimation. 
One of the major objectives of this study is to estimate a system of 
demand equations for food commodities in India. In this section two 
major groups of demand studies from developing countries are reviewed for 
their methodology, functional forms used, nature of data, estimation 
procedures and tests on restrictions of demand theory. The first group 
of studies are those from countries other than India concentrating on the 
food demand systems. The other group of studies utilize data from India. 
This section concludes with a comparative review of studies that derive 
nutrient elasticities based on food demand equations from developing 
countries. 
Food Demand Studies in Developing Countries 
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The food demand system studies in developing countries other than 
India are reviewed and compared for their methodology and elasticity 
estimates of both prices and income in this section. In general where 
elasticity results are available for disaggregated food items, 
elasticities for the major food category are given, and the elasticities 
for food as a group, otherwise. There are also studies conducted for 
cross-country comparisons of expenditure patterns. The major studies 
that include developing countries are Houthakker (1957); Weisskoff 
(1971); Lluch, Powell and Williams (1977); and Theil and Clements (1987). 
Though these are not food demand estimations, the results from these 
studies are also presented for comparison with other studies for the 
countries under review. 
Houthakker (1957) was the first study to compare the expenditure 
elasticities for different (17 developed and 15 developing) countries, 
including India and Sri Lanka (Ceylon). The expenditure elasticities 
calculated using double log form of demand functions in this study are 
compared with the more recent studies. This would enable a comparison 
over the years where similar sample and functional forms are used. 
Weisskoff (1971) reported income and price elasticities of food and five 
other groups of expenditures for 21 countries based on double log 
equations using the time series data. Lluch, Powell and Williams (1977) 
conducted a cross-country comparison of 18 countries using the linear 
expenditure system with both system least squares and maximum likelihood 
procedures. 
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Recently Theil and Clements (1987) presented cross-country estimates 
of income and price elasticities based on Frish, Cournot, and Slutsky 
forms of elasticity equations using Working's model (Working, 1943). They 
used the country level aggregate data presented in Kravis et al. (1982). 
These results are also compared with country specific demand studies. 
The review of demand systems that follows include 32 studies from 27 
developing countries other than the above mentioned cross-country 
comparisons and the group of studies on India. The major objective of 
this review is to study the differences in the elasticity estimates of 
the same commodity due to differences in the methods of analysis. As 
can be seen from the discussions that follow, the elasticity estimates 
have varied for the same commodity for the same country depending on 
whether time series or cross-sectional data is used, on rural and urban 
differences, on the aggregation level of price data used in the commodity 
aggregation, on different groups of consumers based on expenditure 
classes, and in the case of nutrition elasticities, on the period of 
recall for which the data was collected (Behrman, 1988). This is 
evident from Table 2.1. 
To make results comparable, the elasticity estimates are given for 
the middle income group when disaggregated estimations for different 
groups of households have been performed. Also, since rice is the major 
food item consumed by the households in the countries reviewed, the rice 
elasticities are presented wherever results for individual food 
commodities are given and elasticities for aggregate food commodities 
where such disaggregation was not possible. 
Table 2.1. Summary of studies on demand systems relating to food 
in developing countries 
Country/Author Data Source Demand System Commodities/Groups 
SOUTH ASIA 
Bangladesh 




rice, wheat, pulse, fish 
oil, vegetables, & milk 
Ahmed (1981) same as above linear expen­
diture system 
rice, wheat, pulse, fish 
oil, veg. & other foods 
Pakistan 







wheat, rice, meat, milk, 
vegetables, oil, sugar 







AIDS wheat, rice, pulses, 
dairy, meat, other food, 
fuel, nonfood 
Shaukat (1985) as above ext. linear 
expenditure 
system 
food, cloth., housing, 
fuel, transp., medical 
care, education, others 
Sri Lanka 















food, rent, clothing, 
services 
^Elasticities are given for the middle income group unless noted other­
wise. Unless specified, it relates to the first commodity in commodity 
column; relates to food when disaggregated analysis is not carried out. 













rural 2 expenditure 
groups, (25% & 
90 %) 
0.94 -0.83 unit price is used, 
nutrient elasticities 
for 10 nutr. calculated 
rural low, middle, and 












unit price is used 
rural 
urban 








market aggregate price 
for the regions are 
used 
all households single group 0.60 -0.31 unit price is used 
Sri Lanka 
rural 10 expenditure 
classes 
0.43 -0.58 results of urban estate 
households not 
presented 
all households single group 0.93 -2.38 
Table 2.1. Continued 








transport & durables, 

















AIDS domestic cereal, 
imported cereal, meat, 
veg. & other foods 
Cote d'Ivoire 





meat, fish, starch and 
cereals 






beef, fish, imported 
rice, domestic rice, 













rice, beans, lentils, 
meat, bread, sugar, oil, 
milk, vegetables, and 





















all households 10 income groups 0.72 d price elasticities not 
estimated 
all households 10 income groups 0.85 - - -
AFRICA 
Burkino Faso 




—  —  -
an analysis of substitu­
tion between imported 
grain & domestic grains 
is presented 
Cote d'Ivoire 
rural single group —  — - -0.38 
urban single group -1.47 weak séparaiity assumed 
rural single group 1.56 -1.91 weak séparaiity assumed 
with measurement error 
approach for cluster 










elasticities given for 
other expenditure 
percentile than the 
lowest 
Ghana 
urban single group 0.95 
Table 2.1. Continued 



















rice, cereals and 14 
other food items 
Sierra Leone 





rice cereals, vegetable 










Hassan (1989) Time series data 
1971-1986 
AIDS sorghum, wheat, meat, 






Data from Kravis 














rice, maize, wheat, 
roots, sugar, meat, 








food, clothing, housing 
and miscellaneous 
fcalculated from parameter estimates and mean budget share for 











all households single group 0.94 0.96 
Kenya 
rural 10 income groups 0.92 -0.82 used the income elasti­
cities for food poverty 
estimation 
Sierra Leone 
rural low, middle and 
high income 
group 
0.28 -0.68 unit price is used 
rural single group 0.99 -  — - price elasticities not 
estimated 
Sudan 
aggregate data single group 0.64^ -1.97 real prices used, general 
consumer price index is 
for Stone index 
LATIN AMERICA 












estimates relate to rice 
and middle (50%) income 
class 
urban single group 0.84 ---
Table 2.1. Continued 





Time series data 





food, rent, clothing 





Data from Kravis 




ing, and 7 other groups 
Pinstrup-





rice and twenty-one 







rice and twenty-one 
other food commodities 
Dominican 
Republic 
Yen & Roe 
(1989) 
Household income 






rice, cereals, sweets 









log rice, roots, sugar, 








log food, rent, clothing, 
transport durables and 








log food, clothing, housing 
and miscellaneous 
Panama 






food, rent, clothing 
















rural five income 
groups 
--- -0.35 









rural five income 
groups 
0.19 -0.58 
all households single group 0.94 -6.45 cross country comparison 
study 
Guatemala 
city dwellers single group 0.75 — cross country comparison 
study 
Panama 
aggregate single group 0.92 — cross country comparison 
study 
Table 2.1. Continued 

















Li et al. 
(1985) 





Panama City 1952 
Time series data 
1955-67 
Time series data 
1950-65 
Cross section of 
office workers 
1950 







data 1955, 57 
65, 81, 82 
Cross section 
data from 81-82 
Stat. Yearbook 
Standard of 











food, housing, clothing 
and miscellaneous 
food, rent, clothing 
and other goods 
food, rent, services, 
clothing, transport & 
durables 















grain, pork, pulse, 
fish, and nonfood 
food, clothing, housing 
and others 
food, clothing, fuel, 
housing and others 
food, clothing, fuel, 
housing and others 












urban single group 0.79 --- cross country comparison 
study 
Puerto Rico 
aggregate single group 0.48 -0.50 cross country comparison 
study 
aggregate single group 0.48 -0.25 
urban single group 0.69 — 
OTHER ASIAN 
China 
rural single group 0.76 -0.67 
urban single group 0.69 ---
urban single group 0.79 — 
rural (Hubei) single group 0.78 -0.621 
urban (Beijing) single group 0.89 -0.651 
rural (Hubei) 5 income groups 0.84 -0.71 
urban (Beijing) 0.89 -0.72 
urban single 0.76 ---
(Shanghai) 
Table 2.1. Continued 


















































rice, palawija (grains), 
beans, vegetables, fish, 
meat 
rice, corn, wheat, cas­
sava, pototatoes, fish, 
meat, eggs, dairy prod., 
veg., legumes, fruits, 
other nonfood 
rice, cassava, corn 
rice and cassava 
rice, cassava and corn 
rice, corn, wheat, 
tubers 
food, bevrages, cloth­
ing & 7 other nonfood 
rice, bread, tubers, 
sugar, oil & other food 
^Estimates for Java in Indonesia. 
^Estimates for other islands in Indonesia. 











urban single group --- -0.58 
all households 
Java and other 
islands 




unit price is used 
compare islands and Java, 
also elasticities of 
demand for 11 nutrients 
given 
rural low, low middle, 
high middle, high 
income groups 
0.93^ -0.85 unit price is used, also 
nutrient elasticities 




4 income groups 





-1.156^ unit price is used 
rural single group 0.58 -0.84 unit price is used, 
nutrient elast. given 
Philippines 
rural low, middle & 
high income 
groups 
0.22 -0.39 unit price is used 
aggregate data 0.67 -0.24 
rural low, middle & 
high income 
0.67 -0.39 unit price is used 
Table 2.1. Continued 









food, rent, clothing, 
and other goods 
Houthakker 
(1957) 
























food, housing, clothing 
Weisskoff 
(1971) 















food, clothing, housing, 








food, rent, clothing, 



















rice and 8 other food 
groups 















aggregate single group 0.52 -0.32 
urban 
(Manila) 
single group 0.81 — 
Korea 
all households ... 0.62 -0.24 all studies reported for 
Korea are international 
comparison studies 
all households single group 0.72 -0.50 
all households single group 0.93 -0.16 
Taiwan 
aggregate single group 0.64 -1.97 
all households single 0.58 -0.43 
Thailand 
aggregate data 0.67 -0.24 
rural 3 income groups 0.28 -0.46 
rural farm households 0.24 -0.39 
Table 2.1. Continued 








food, clothing, housing, 







food, rent, services, 




Types of Groups of Own Additional Remarks 
Households Households Income Price 












In countries where the length of the available time series data 
prevents the use of time series consumption expenditure data, household 
cross-section data have been used deriving the prices by dividing the 
value of expenditure from the quantity of purchase. This is termed as 
unit price approach. Most of the studies in South Asia are based on 
household expenditure surveys with some exceptions in India. Pitt (1983) 
used unit prices to estimate a food demand system with linear tobit 
specification for rural Bangladesh households. He also calculated 
nutrient elasticities of prices and income for ten nutrients. Rice is 
found to be closer to normal goods (0.94) with inelastic own price 
response (-0.83). Similar results have also been reported by Ahmed 
(1981) using linear expenditure system with the same data. 
In Pakistan, Ahmad et al. (1988) used the extended linear 
expenditure system with the micro-nutrient survey of 1976 to analyze the 
demand for wheat, rice and eight other commodity groups. They showed 
that rice is more income elastic than wheat both in rural and urban 
areas. In rural areas the income elasticity of rice is close to one. 
Alderman (1988) arrived at a similar rural income elasticity for rice 
using an AIDS model based on 1979 household survey data. However, there 
is wide discrepancy between his results and Ahmad et al. (1988) results 
for other estimates both in urban and rural regions. Using the same data 
and an extended linear expenditure system Shaukat (1985) reported a 
similar food price and income elasticity of wheat to Ahmad et al. (1988). 
This may be due to the fact that wheat is a major staple food for 
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Pakistani households. The deviation of Alderman's result from the other 
two studies could be in part due to the differences in functional forms 
used. 
Sri Lanka has been an exception in its performances of.food policies 
in South Asia (Srinivasan and Bardhan, 1988). Sahn (1988) using double 
log quadratic equations for rice and fifteen other food commodities for 
rural households reported an income elasticity of 0.43 and direct price 
elasticity of -0.58 for rice. A slightly higher income elasticity was 
calculated by Gavan and Chandrasekara (1979) using double log inverse 
functional form. Weisskoff (1971) and Houthakker (1957) report higher 
elasticities for food 0.93 and 0.85, respectively, using the double log 
form which is consistent with the fact that food other than rice may 
include luxury items such as milk, meat and fruits. 
Africa 
In the African region there have been very few studies conducted to 
analyze food demands. Savadogo and Brandt (1988) studied the substi-
tutability between the imported cereals and domestic cereals using an 
AIDS model in Burkina Faso. For imported cereals the income elasticity 
was higher than domestic cereals and close to one. Using a double log 
form Deaton (1987) reported a lower price elasticity of meat in absolute 
values for rural households (-0.38) than the urban households (-1.47) in 
Cote d'Ivoire. For the same country, using a measurement error model and 
adjusting for cluster effects due to spatial variation in prices, Deaton 
(1988) found that beef was a luxury compared to other meat items and 
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highly elastic to its prices (-1.91). Alderman and Von Braun (1984) 
analyzed the food demand for Egypt with a tobit model and found that rice 
is very inelastic with respect to prices. The income elasticity was 
lower but the price elasticity was higher for urban households than rural 
households. 
Houthakker (1957) reports an income elasticity of 0.95 for food with 
Ghanian urban household data in 1954. While Weisskoff (1971) reports a 
similar income elasticity of food in Nigeria (0.94), the price elasticity 
turned out to be positive (0.95). Recently, Greer and Thorbecke (1986) 
estimated a semi-log inverse model for Kenya to analyze food poverty in 
rural Kenya. The results are close to Timmer's (1981) estimates for 
rural Indonesia. 
Strauss (1982) using a quadratic expenditure system estimated the 
demand for rice, cereals and four other food groups for rural households 
in Sierra Leone. The price elasticity of rice was found to be -0.68. An 
income elasticity of 0.99 for the same data using ordinary least squares 
was reported by Knight and Byerlee (1978). Rather than using nominal 
prices, Hassan (1989) used real prices in an AIDS model for Sudan and 
found the income elasticity for sorghum to be 0.64 while its own price 
elasticity was -1.97 a higher elasticity contrary to the fact that 
sorghum is the staple food in the Sudan. 
Latin America 
Food consumption parameters and calorie intake responses to prices 
and income for Brazil were reported by Williamson-Gray (1982). She used 
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a double log quadratic equation for each of nine major food items with 
three calorie comsumption groups and three income groups in urban and 
rural areas. For both rural and urban areas the rice was found to be a 
staple food responding very little to income changes. The rural own 
price elasticity was higher than that of urban. The elasticity results 
of Theil and Clements (1987) and Houthakker (1957) for food show an 
income elasticity of 0.59 and 0.84, respectively. 
Lluch, Powell and Williams (1977) employed a linear expenditure 
system to estimate demand system for Chile. The food demand elasticities 
with respect to income and own price were found to be 0.93 and -1.128, 
respectively. This high price elasticity is similar to that of 
Williamson-Gray (1982) for rural Brazil. One of the earliest nutrient 
elasticities was reported for Columbia by Pinstrup-Andersen et al. 
(1976). They estimated a food demand for rice and twenty-one other food 
commodities and reported a own price elasticity of -0.35. Pinstrup-
Andersen and Caicedo (1978) with the same data set found the income 
elasticity of rice to be 0.84. The food income and price elasticity for 
Columbia reported by Theil are 0.59 and -0.24, respectively. 
Yen and Roe (1989) used limited dependent variable model with a two 
stage budgeting procedure and analyzed 1976/77 household survey data from 
Dominican Republic. They obtained a similar income elasticity (0.93) to 
that of Weisskoff (1971) and the rural elasticities for rice were higher 
than urban estimates. Musgrove (1985) using the same data estimated 
double log equations of rice and six other food groups. The income 
elasticity for rice was found to be 0.19, while the price elasticity was 
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-0.58. Houthakker (1957) reported income elasticity of food of 0.75 
using the same double log equation for urban Guatemalan households. For 
Puerto Rico, Lluch, Powell and Williams (1977) and Weisskoff (1971) 
estimated the same income elasticity of food (0.48) with two different 
functional forms. However, the food price elasticity in Weisskoff (1971) 
was twice that of Lluch, Powell and Williams (1977). The highest income 
elasticity of food among all the Latin American countries was reported by 
Lluch, Powell and Williams (1977) for Panama (0.92) using the linear 
expenditure system. They also report a price elasticity of -0.71. 
However, Houthakker's (1957) estimate of income elasticity of food (0.79) 
for Panama was closer to that of Guatemala. 
Other Asian countries 
One of the most consistent estimates of elasticity for a single 
country has been reported for China. The income elasticity of food 
ranges from 0.76 to 0.84 for rural and from 0.69 to 0.89 for urban 
households. The price elasticity of food ranges from -0.62 to -0.72 for 
both rural and urban with the urban estimates larger than the rural 
(Lewis and Andrews, 1989; Chow, 1987; Li et al., 1985; Van der Gaag, 
1984; and Houthakker, 1957). 
All the studies conducted in Indonesia are based on cross sectional 
household expenditure surveys. The rural income elasticity of rice 
ranges from 0.58 in Timmer and Alderman (1979) to 0.98 in Alderman and 
Timmer (1980) with the same data. While these studies along with 
Chernichovsky and Meesook (1984) reported a rural price elasticity of 
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rice between -0.83 to -0.84, there were also extreme levels of -1.48 and 
-1.156 estimated by the same authors. Teklu and Johnson (1988) report a 
rice price elasticity of -0.58 for urban consumers in Indonesia. 
Theil and Clements (1987) and Mendoza (1984) found similar estimates 
of income elasticity for food and rice (0.67) with different functional 
forms and different data sets from the Philippines. Also, similar rural 
price elasticities are reported for rice (-0.39) by Mendoza (1984) and 
Santos (1987). Lluch, Powell and Williams (1977) estimated a food price 
elasticity of -0.32 closer to the above studies. The income elasticity 
of food is in general higher than that of rice for the Philippines. 
Theil and Clements (1987) reported similar income and price elasticities 
of food for the Philippines, Malaysia and Korea. However, Lluch, Powell 
and Williams (1977) and Weisskoff (1971) report differing results with 
the same data for Korea and Taiwan, perhaps due to the differences in 
functional forms used. 
Kennes (1983) and Trairatvorakul (1984) find similar estimates of 
rice elasticities for rural households in Thailand with different data 
sets and models. The food elasticities reported by other studies are 
higher than the above estimates except for price elasticity of Theil and 
Clements (1987). 
In general, in these studies authors have used the functional forms 
which better fit their data (Alderman and Timmer, 1980). Also, the 
purposes for which the estimates are used generally determine the choice 
of model. The approximations of elasticity parameters could be more 
confidently used for policy analysis if the range of values of such 
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estimates is small for a country from different studies, in spite of 
differences in functional forms and statistical methods used. However, 
such approximations may lead to miscalculation of cross price 
elasticities if these studies used various forms of commodity 
aggregations (Timmer et al., 1983). Also, most of the studies reviewed 
impose the theoretical restrictions, namely, homogenity and symmetry in 
demand systems of estimation and are not concerned with testing of these 
restrictions. While studies have assumed weak separability which enable 
them to use the two stage budgeting, in none of these studies is this 
assumption tested. This is partly because in studies which are concerned 
with separability issues, all the commodities are included in estimation 
even at the cost of parsimonious property of the models (Timmer, 1981). 
The estimates of food income elasticities in these studies are in general 
higher than that of rice. 
Food Demand Studies in India 
After independence, in 1947, the Government of India, with an 
objective to construct consumer price indices, launched rounds of house­
hold surveys in 1950 with the help of the National Sample Survey Organi­
zation (NSSO) to collect household data on consumption expenditure. This 
formed the basis for earlier studies which analyzed the patterns of 
consumer expenditures and income elasticities based on Engel functions 
(Joseph and Rudra, 1964; Iyengar, 1967; and Bhattacharya, 1978). With 
the publication of Stone's linear expenditure system in 1954, the NSS 
data on consumer expenditure has been extensively used to estimate income 
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and price elasticities in a demand system framework. A review of these 
studies is given in this section, in terms of the data sources, 
functional forms, statistical methods and aggregation over commodities 
and consumers and elasticity estimates. This is also useful in 
emphasizing the need for the present study. 
A total of fifteen Indian studies on demand estimation are given in 
Table 2.2 with source of data, method, commodities studied and their 
income and price elasticities. Twelve of these studies utilized the 
NSS data for their estimation, while Swamy and Binswanger (1983) 
estimated their own consumption data on individual grains from production 
figures for ten states, since the NSS only reported cereal aggregates; 
Ghatak (1984) used similar data from National Accounts Statistics and 
Tendulkar (1969) used data from the state level household expenditure 
survey. Earlier studies that were conducted before Iyengar and Jain 
(1974) were based on single equation models and Engel functions with 
large commodity aggregation level. Though Iyengar and Jain (1974) used 
an indirect addilog model with systems least squares, they estimated the 
model only for food and nonfood groups with ten observations for 
aggregate consumers. The nonfood elasticities were higher than the food 
elasticities. Murty (1980) used 24 rounds of NSS data from 1953-1974 for 
both rural and urban consumers with six commodity groups, food grains 
being one of them. They rejected homogeneity restrictions for rural and 
symmetry and homogeneity for urban consumers using the Rotterdam model. 
Ray (1980) was the earliest study using the Almost Ideal Demand System 
following Deaton and Muellbauer (1980a) for any country other than Great 
Table 2.2. Sunmiary of demand studies in India 
Author Data Demand System 
Type of 
Household 





Engel functions aggregate 
Sinha (1966) NSS 3-12 rounds log log inverse 
function 
aggregate 
Bhattacharya (1967) NSS 3-13 rounds Engle functions rural/urban 
Joseph (1968) NSS 3-14 rounds log-linear functions aggregate 
rural 
TenduIkar (1969) Household survey 




Iyengar and Jain 
(1974) 
Time series NSS 
data 1954-1964 
Addi-log model (sys­
tem least squares) 
aggregate 
Murty (1980) NSS 1952-53-
1973-74 (24 rds) 
Rotterdam Model rural/urban 
Ray (1980) NSS data, 1957-
76 (21 rounds) 




1973-74 (24 rds) 





Commodities Price Income 
Rural Urban Rural Urban 
food 0. 83 
nonfood 1. 23 
food grain — — 0. 39 0. 21 
milk 1. 38 1. 24 
oil 0. 99 0. 65 
meat -- 0. 82 1. 02 
other food — -- 0. 78 0. 96 
food -0. 68 • • 0. 75 
nonfood "0. 96 -- 98 — 
cash food -1. 27 ... 1. 05 
other expendit. -0. 67 0. 74 
food -0. 63 0. 66 
nonfood -0. 89 2. 04 
" 
food grains -0. 44 -0. 39 0. 70 0. 38 
milk products -1. 55 -1. 25 1. 30 0. 89 
other food -0. 43 -0. 55 1. 44 1. 16 
clothing -0. 36 -0. 63 1. 19 1. 14 
fuel and light -0. 36 -1. 57 1. 53 0. 98 
other nonfood -0. 51 -1. 43 0. 78 1. 38 
food -0. 71 -0. 41 0. 73 0. 35 
clothing -0. 68 -1 . 77 0. 87 2. 38 
fuel and light -0. 82 -0. 69 0. 37 0. 57 
other nonfood 1. 45 -0. 95 2. 40 2. 21 
food grains -0. 55 -0. 36 0. 77 0. 49 
milk products -0. 87 -1. 06 1. 89 1. 84 
oil -0. 36 -0. 51 0. 92 1. 02 
meat -0. 79 -1. 13 1. 35 1. 13 
sugar -0. 76 -0. 72 1. 74 1. 34 
other food -0. 93 -0. 81 1. 13 1. 29 












only two groups 
studied with 
hshld. surv. data 
10 yrs. of time 




of food grains, 
homogenity rej. 
for rural both 
symmetry & homo, 
rejec. for urban 
homogenity imposed 
could not reject, 
for all equations 
rural & urban 
no disaggregation 
of cereals, data 
prior to 1961 which 
over estimate 
cereal consumption 
are used, results 
of middle income 
Table 2.2. Continued 
Author Data Demand System 
Type of 
Household 






section & time 
series data 1956-
75 constructed 
for 10 states 





Ghatak (1984) Time series data 
from C.S.O. 
1960-61/1977-78 
and pooling the 
cross section 
across states 
log linear system all 
consumers 
Binswanger 
et al. (1984) 
Pooling cross-
section of 15 
states & 2 yrs. 
1961, 1974 NSS 
data from 16th 





Majumder (1986) Time series NSS 
data 1953-54 to 
1973-74 
Almost Ideal 





NSS time series 



















































class is presented 
tests homogeneity 
accepted for rural 
hhds. with family 
size included as 
independent varib. 
no disag food grps. 
data estimates, not 
actual consumption 
homogeneity and 
symmetry could not 
be rejected 
only parameter est. 
given since object, 
was testing pooling 
cross-section & 
































































1961 data are over 
estimate of cereal 
consumption; rural 
& urban not consid. 
separate 15 assumed 
cereals combined 
includes data prior 





earlier than 20th 
rounds used urban 
elasticities in () 
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Britain. Four aggregates, namely food, clothing, fuel and lighting and 
other nonfood were analyzed. Homogeneity and symmetry could not be 
rejected for for rural and urban consumers. Food and fuel and lighting 
were found to be necessities while clothing and other non food items were 
luxuries. 
Murty and Radhakrishna (1982) using 24 rounds of N.S.S. data for 
five expenditure classes in rural and urban areas estimated an extended 
linear expenditure system for food grains, milk, oil, meat, sugar, other 
foods, clothing, fuel and lighting and other nonfoods. All commodities 
other than food grains and fuel and lighting were found to be luxuries 
for both rural and urban consumers. Ray (1982) extended his 1980 study 
to incorporate household characteristics such as household size based on 
population census estimates using the AIDS model and found significant 
family size effects on the budget share of an item. 
Swamy and Binswanger (1983) was the first study to disaggregate 
foodgrains into rice, wheat and other cereals which included pulses and 
coarse grains using the data estimated based on production data for 10 
states and 20 years. They used a covariance transformation to pool the 
cross-section and time series data. Using the transcendental logarithmic 
model they could not reject homogeneity and symmetry. However, not 
satisfied with the data set in their study, they used NSS data for 1961 
and 1974 years (rounds 16 and 27) for 15 states in their next study 
(Binswanger et al., 1984). Foodgrains were disaggregated using 
separability assumptions into rice, wheat, sorghum and other cereals in 
the second stage and using transcendental logarithmic model, they 
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reported negative income elasticity for sorghum and other cereals. 
However, they did not consider rural and urban differences and different 
groups of households. Their data from the 16th round has been criticized 
of being an over-estimation of cereal intake due to double counting among 
rural households (Srinivasan et al., 1974). A discussion of this is 
given in Chapter III. Ghatak (1984), using data from the Central 
Statistical Organization (CSO), pooled time series of 18 years and cross 
sections across states and concluded that the model based on pooled data 
performed better than the time series data alone. 
Recently Majumder (1986) compared the estimates from aggregated NSS 
data for India and three income classes with the AIDS model for rural and 
urban consumers and argued that there is a remarkable variation in demand 
behavior among the income classes. Coondoo and Majumder (1987) used a 
price independent generalized logarithmic (PIGLOG) functional form with 
the same data and presented estimates of elasticities for both rural and 
urban consumers. 
To summarize, most of the studies have utilized NSS data for 
analyzing consumer behavior in India. Except Swamy and Binswanger (1983) 
and Binswanger et al. (1984), all the studies have estimated aggregate 
elasticities for food grains or for food as a single group. The NSS data 
prior to the 21st round have been criticized for over estimation of 
cereal consumption (Srinivasan et al., 1974; and Minhas et al., 1986). 
Studies have also not analyzed the differences in expenditure patterns 
among groups of households as emphasized by Majumder (1986). The present 
study uses data sets from the 27th, 28th and the 32nd rounds of NSS data 
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pooling across states for both urban and rural households. The food 
grains group has been disaggregated into rice, wheat, other cereals, and 
pulses. The estimation of demand system has been conducted for ten 
different groups of households to obtain elasticity parameters for target 
groups of consumers for policy analysis. 
Studies on Nutritional Elasticities 
Recently, much emphasis has been given to estimating the changes in 
nutritional intake due to changes in household income and price levels of 
food commodities (Behrman and Deolalikar, 1987). One of the objectives 
of this study is to analyze changes in nutritional status due to changes 
in income and prices for different groups of households. The studies 
that have estimated nutritional elasticities are reviewed here. In 
general these studies can be grouped into two categories based on the 
procedure used for nutrition elasticity estimation. The first group of 
studies estimates the intake of nutrition of households from survey data 
and uses it in regression with prices of food commodities and income on 
the right hand side. In general, the prices used for such "direct" 
estimations are unit prices derived by dividing expenditures by total 
quantities (Timmer, 1981 and Alderman and Timmer, 1980). The second 
group of studies estimate the nutrition elasticities indirectly using the 
price and income elasticities of food commodities. The nutrient 
elasticities are the weighted sum of these direct elasticities, the 
weights being the nutritional share of the foods for each nutrient (Pitt, 
1983). There is an ongoing debate in the literature on the choice of the 
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above procedures. Pitt (1983, p. 10) argued for the indirect approach 
equating the direct procedure to the single equation regression 
techniques since it requires separate regression having calories as a 
dependent variable with prices, income and other exogeneous variables on 
the right hand side. However, Behrman and Deolalikar (1987) argued for 
the direct approach at least when only income is used on the right hand 
side of the regression equations. According to them the indirect 
procedure over-estimates the true changes in nutrition due to income and 
prices. While there could be differences in nutritional elasticities due 
to differences in data and statistical methods used, the differences in 
procedure for calculating them introduces additional discrepancy in the 
available estimates. This could be evidenced from Table 2.3. 
The nutritional elasticities have been calculated only for a handful 
of countries. Pitt (1983), using the indirect method, calculated 
elasticities for six nutrients for Bangladesh. In his study the calorie 
and protein elasticities with respect to income were similar. 
Radhakrishna (1984) reported similar calorie elasticities for India. 
Behrman and Deolalikar (1987) using the indirect approach calculated 
income elasticities that are very small compared to the direct approach 
by Sharma and Dillon (1987) with the same Indian household data. The 
nutrition elasticities reported for Indonesia were all based on direct 
approach with large variations. Wolfe and Behrman (1983) used the direct 
approach to study households in Managua, Nicaragua and found small income 
elasticity estimates (0.058 for calorie and 0.29 for protein). Both of 
the studies conducted with Brazilian data followed the direct approach 
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(Williamson-Gray, 1982 and Ward and Sanders, 1980). Pinstrup-Andersen 
and Caicedo (1978), using the indirect method, found income elasticity of 
calorie and protein to be 0.51 and 0.65, respectively. Sahn (1988) and 
Gavan and Chandrasekara (1979) using different approaches, reported two 
different income elasticities for calories. Sahn's (1988) estimation is 
closer to many of the studies mentioned above. A price elasticity of 
calorie of -0.24 was reported by Strauss (1982) for Sierra Leone. 
Though any general relation between the estimates can not be stated, 
income elasticity of protein in all the studies is higher than that of 
calories (except Pitt, 1983). The elasticities using direct methods 
seem to be lower than the indirect approach. 
Concluding Remarks 
In this chapter a review of literature relating to the objectives of 
the present study was given. The first section reviewed briefly the 
consumer demand theory and the properties of demand function which form 
the basis for imposing and testing of the theoretical restrictions. 
Various models of demand systems were reviewed to understand the applied 
studies which used them and to set a stage for selecting one from them 
for the present study. Since the nature of this study is an applied one, 
the applied food demand studies in developing countries were reviewed for 
their data source, methodology and results. Demand studies from India 
were also reviewed to emphasize the need for the present study. Finally, 
a review of results of studies estimating the nutritional elasticities 
were also reviewed for their procedures and differing results due to 
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differences in them. The indirect procedure followed in this study is 
given in detail in Chapter IV on estimation. 
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CHAPTER III. DESCRIPTION OF THE INDIAN ECONOMY AND DATA FOR ANALYSIS 
This chapter is intended to provide two sets of information. First, 
a brief overview of the structure and progress of Indian economy in the 
context of the present study is presented, and secondly, a description of 
the data set is given in terms of data source, concepts and definitions, 
along with the methodology of sampling and data collection with 
discussion of limitations on the quality of the data used. 
At the time of its independence in 1947, following several decades 
of economic stagnation, India was one of the poorest economies in the 
world. A closer look at some of the economic and social indicators may 
provide some information on the economic progress made since that period. 
Table A.l (see Appendix) presents a summary of statistics on 
structure and progress of the Indian economy. Population growth has been 
identified as one of the major obstacles to Indian economic development 
(Chakravarty, 1987). The population showed a compound growth rate of 
1.26 percent and 1.98 percent over the forties and fifties; 2.20 percent 
and 2.26 percent during the eighties contributing to more than a doubling 
of the total population from 360 million in 1950-51 to 765 million in 
1987-88. The fertility rate per 1000 women of child bearing age has been 
constantly declining from 201 to 133 over the above periods and there has 
also been a decline in birth rate, from 42.7 in 1960-61 to 34.2 in 
1987-88 per 1000 population, due to implementation of family planning 
programs in the sixties and seventies. However, there has been a steady 
increase in the population due to an increase in the life expectancy from 
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32.45 years to 59.20 years between 1950-1987. This increase is also due 
to improvements in health care provisions, thereby reducing the death rate 
per 1000 population from 24.4 to 12.7 over the above period. While the 
infant mortality is still high in both rural and urban areas, there has 
been a very slow decline in infant mortality in rural areas compared to 
urban regions, indicating a greater need for primary health care in the 
rural areas. 
One of the areas where India's progress can be seen vividly is in 
the development of human capital. India's policies on free school 
education and subsidized collegiate education has paid off to some 
extent. The overall literacy rate has increased from 25 percent to 45 
percent for males and from 8 percent to 32 percent for females since 
independence. The enrollment in elementary schools has shown an 
increase. In 1987-88 about 95 percent of the children of elementary 
school age were in school, 50 percent in middle schools, and 27 percent 
in high school. Though much needs to be done, this is an indication of 
considerable progress in educational development. 
India is largely an economy based on agriculture. About 70 percent 
of the people's livelihood directly or indirectly depends on agriculture 
(Rao and Deshpande, 1987). However, the share of agriculture in net 
domestic product shows a constant decline over the years from 58.69 
percent in 1950-51 to 36.10 percent in 1987-88, while shares of all other 
sectors of the economy have increased. The overall annual growth rate of 
6NP for the period since independence is 3.63 percent (Rao, 1987). The 
value of imports to India have always been more than the value of exports. 
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While the growth of the general economy has been rather slow, the 
achievement in agricultural development is remarkable. Of the total 
cultivated area, of 128 million hectares, 52 percent are sown with high 
yielding varieties of crops and 45 percent are irrigated. The use of 
chemical fertilizers has increased from 0.07 million tons in 1950-51 to 
8.49 million tons in 1987-88. 
The overall annual growth of agricultural production has been 4.03 
percent. The area under different crops shows marginal increases between 
15 percent for food grains and 36 percent for cotton. The area under 
pulses and oilseeds, in spite of specialized efforts by the Government of 
India, has shown only 2.0 percent and 12.15 percent, respectively. The 
production of food grains has shown a remarkable increase leading to 
India's situation of self-sufficiency level. The production of cereals 
has increased from 42.41 million tons in 1950-51 to 155 million tons in 
1987-88. The production of pulses and oilseeds show a slightly low rate 
of increase compared to cereals. The increases in production of crops 
has. largely been due to increases in yield. The compound growth rate of 
cereal yield between 1950-1985 was 1.77 percent while it was 2.87 percent 
between 1968-1985, the post green revolution period. However, the annual 
compound growth rate of pulses during the above periods were respectively 
0.08 percent and -0.02 percent. This is due to the fact that the 
increases in the use of hybrid varieties, fertilizer and chemical 
pesticides have not been adopted in pulse crops (Sawant, 1987). The 
yield of oil seeds shows a compound annual growth rate of 0.62 percent 
and 1.13 percent during the same period. Though there have been 
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increases in cereal production, increases in the need for pulses and oil 
seeds have been met with imports of these crops in recent years (Bhalla, 
1987). While the yields of other crops have increased, the growth in 
yield is not uniform over different regions of India due to differential 
accessibility to improved varieties of seeds and chemical fertilizers 
(Rao and Deshpande, 1987). 
Industrial production in India shows a different picture. Ahluwalia 
(1985) calculated the rates of growth of industrial output on the basis 
of disaggregated national accounts data for value added at constant 
1970-71 prices. The annual growth rate in the registered manufacturing 
sector was 6.9 percent in the period from 1950-51 to 1965-66 and 5.0 
percent in the period from 1966-67 to 1981-82. The only industry groups 
that had statistically significant acceleration in its rate of growth in 
the second period were those of chemicals and textiles. The industries 
that showed substantial deceleration included mostly heavy industries, 
such as basic metals and transport and equipment. 
Economists have tried to explain the deceleration in the industrial 
growth in the second period in terms of increasing income inequality and 
the consequent limitation on the expansion of markets for mass consumer 
goods (Bardhan, 1984 and Rangarajan, 1982). 
Labor force participation in the rural areas has been consistently 
higher than in urban areas. The share of work force in agriculture has 
been declining from 73.28 percent in 1950-51 to 61.78 percent in 
1987-88. 
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Turning to the consumption indicators, the net availability of 
cereals and pulses has increased from 48.07 million tonnes and 3.96 
million tonnes in 1950-51 to 122.16 million tonnes and 11.34 million 
tonnes in 1987-88. However, the per capita availability of cereals in 
grams per day has virtually remained the same since 1960-61. The 
percentage share of consumption expenditure of the bottom half of the 
population has declined from 34 percent and 37 percent in 1950-51 to 30 
percent and 33 percent in 1982-83 for rural and urban areas, 
respectively. The inequality in consumer expenditure as measured by the 
Lorenz ratio has increased for both rural (27.41 to 30.00) and urban 
(25.23 to 28.10) residents for the above period. The poverty ratio 
measured based on the National Sample Survey (NSS) data, with a rural 
poverty line of Rs 15.00 (Rs 20.00 for urban) per capita per month at 
1960-61 prices, shows a decline in rural poverty from 38.22 percent to 
33.42 percent and a decline also in urban poverty from 40.40 percent to 
34.87 percent for the above period (1950-51 to 1982-83). 
Data on Food Consumption in India 
There are in general three main sources of food consumption data in 
India. The first source is the consumption expenditure surveys conducted 
by the National Sample Survey Organization (NSSO). The NSSO collects 
detailed itemwise consumption data in quantity (wherever possible) and 
value terms for the last 30 days (365 days for durable items) from the 
sample households by interviewing the head of the household and other 
members at the household. These are published in the form of reports for 
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each round (NSSO, 1975) and in the journal Sarvekshana (the Journal of 
Survey) starting in 1981 (Government of India, 1986). The second major 
source of food consumption data is the Monthly Abstracts of Statistics 
published by the Central Statistical Organization (CSO). The CSO reports 
consumption data based on the estimates derived indirectly from 
production data by the commodity flow method, by adjusting the production 
of different consumer goods and services for imports, exports, 
intermediate uses, government consumption and the changes in stocks. The 
third source of data on food and nutrition intake is thé National 
Nutrition Monitoring Bureau (NNMB) which collects data by two methods, 
(i) by the weight of raw food in which the total raw food intake of a 
household is weighed for the day of the visit, and (ii) by oral enquiry 
method in which the total food intake on the day preceding the day of the 
visit is acquired orally from each individual of the selected households. 
Started in 1977, the NNMB survey is conducted each year in ten selected 
states from a total sample of 716 (1980) households (NNMB, 1980). 
Studies have conducted evaluations on the reliability of estimates 
of private consumption expenditure from these sources in terms of 
sampling procedures and interview methods, and concluded NSS data have 
fewer inconsistencies than the other surveys (Minhas et al., 1986 and 
Kulkarni and Kumar, 1984). The consumption expenditure surveys conducted 
by the NSSO are by far the most frequently utilized data source for 
demand analysis both at regional and at national levels (see Table 2.2 in 
Chapter 2). The present study also utilizes the data from NSSO for the 
demand system estimation. 
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National sample survey 
The National Sample Survey is conducted to collect information from 
the population on various spheres of life in both rural and urban areas. 
Each round of the survey covers a specific set of information, such as 
consumption expenditures, asset holding, small scale manufacturing, land 
utilization, housing conditions, and other village statistics. These 
areas are also specific to certain sectors such as landless agricultural 
laborers, urban industrial workers, scheduled castes and scheduled tribes, 
disabled persons, and women. The first round of NSS was organized by NSSO 
in 1950-51 and covered consumption expenditures, land utilization, wages, 
household enterprises, and prices. The rounds in which the consumption 
expenditure and prices were covered as a part of the survey and the year 
of the survey are given in Appendix, Table A.2. Consumption expenditure 
was included in every round from 1950-1964 for the first 18 rounds. It 
was not covered in the 19th round but was again covered in the 20-29th 
rounds continuously, in the 32nd round, and in the 38th round in 1983 
which is the latest available for public use. The consumer expenditure 
data collected in 1987-88 during the 42nd round are being tabulated. 
Consumer expenditure data 
An introduction to the consumer expenditure data, concepts and 
definitions used, the groups of items of consumption covered, and the 
sample design and estimation procedure are given in this section. The 
data on consumer expenditures collected by the NSSO are presented for 
rural, urban and city populations of different states and all India as 
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reports containing tables on consumer expenditure. The data published in 
these reports relate to (1) distribution of sample households, percentage 
distribution of estimated number of households, and estimated number of 
adult males, adult females and children per household by monthly per 
capita expenditure classes; (2) consumer expenditure in rupees per person 
for a period of 30 days by broad groups of items and by monthly per 
capita expenditure classes; and (3) quanity in kilograms and value in 
rupees of consumption per person for a period of 30 days of the items 
cereals, gram and cereal substitutes by monthly per capita expenditure 
classes. The field work for data collection in each round starts in 
October and continues up to June of the next year covering a period of 
nine months. Data relating to expenditure incurred by sample households 
on domestic consumption for a period of 30 days preceding the date of the 
survey are collected in the different blocks of the household schedule. 
This does not include any expenditure incurred towards productive 
enterprises of the households. 
Each round of the survey extends over the whole of the rural and 
urban areas of the Indian Union except Ladaku district of Jammu and 
Kashmir, rural areas of Pal and Sumri tehsils of district Surguja and 
Bijapur, Dantewara, Konta and Narayanpur tehsils of district Bastar of 
Madhya Pradesh; Rajura Sironcha and Gadh-Chiroli tehsils of district 
Chanda and Melghat tehsil of district Amaravati of Maharastra, rural 
areas of Nagaland, disturbed villages of Tripura, rural areas of 
Chandigarh, the union territories of Andaman and Nicobar Islands, 
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Mizoram, Laccadive, Minicoy and Amindive Islands, Dadra and Nagar Haveli 
and districts Siang, Lohit and Tirap of Arunachal Pradesh. 
The general sample design is stratified with two stage selection. 
The first stage units are census villages based on population censuses 
conducted in 1951, 1961, and 1971 in rural areas and urban blocks in 
urban areas. The second stage units are households. The field work 
relating to data collection is undertaken by the NSSO Directorate of 
Field Operations Division in all the states and union territories. 
Concepts and definitions 
Some of the important concepts and definitions followed in NSS 
consumer expenditure survey (1983) are listed below. 
Household A household is a group of persons normally living 
together and taking food from a common kitchen. A boardinghouse, a hotel 
or a hostel is treated as a cluster of households, where each individual 
boarder (with his dependents or guests) forms a separate household. 
Households maintained and fed directly by government such a those in 
prisons, police quarters, cantonments, hospitals, relief camps are, 
however, excluded from the scope of the enquiry. 
Cash purchase This refers to all cash purchases except for 
enterprise purposes of the household during the reference period. Only 
such purchases as are made for non-productive domestic purposes are 
considered for this purpose. 
Homegrown stock Homegrown stock means commodities produced at 
home. This includes produce from leased in as well as from leased out 
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land, produce from kitchen garden and household livestock products, and 
produce from household industries. Produce brought from village homes is 
also included in this. Homegrown stocks are imputed by farm price or 
factory rate which is free from distribution cost or middleman's profit 
or other trade margins. 
Household consumer expenditure Consumer expenditure of a 
houshold comprises all expenditures incurred by the household during a 
reference period of 30 days preceding the date of survey exclusively 
towards its non-productive domestic consumption. Thus all expenses 
towards the enterprise activities of the household are excluded. 
Transfer payments in kind like loans advanced, charities, gifts and other 
payments in kind, if any, are not considered as consumer expenditures. 
But any consumption out of transfer receipts in kind like borrowing, 
gifts, charities, perquisites received by the household, free collection, 
and other receipts in kind, if any, are considered for determining total 
consumption of the household. 
In NSS, data on consumer expenditure are usually collected for a 
large number of items. But in presenting the data similar items have 
been merged to form 21 homogeneous groups. The groups are: (1) cereals, 
(2) gram, (3) cereal substitutes, (4) pulse and products, (5) milk and 
products, (6) edible oil, (7) meat, fish and eggs, (8) vegetables, (9) 
fruit and nuts, (10) sugar, (11) salt, (12) spices, (13) beverages and 
refreshments, (14) pan, tobacco and intoxicants, (15) fuel and light, 
(16) clothing, (17) footwear, (18) miscellaneous goods and services, 
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(19) rents, (20) taxes, and (21) durable goods. Data are also presented 
for (i) food total, (ii) nonfood total, and (iii) total consumer 
expenditures. 
The groups of items of consumption covered in the survey are defined 
here in terms of their constituents: 
1. Cereals: rice, wheat, jowar, bajra, maize, barley, small 
millets, ragi and their products; 
2. Gram: bengal-gram and its products; 
3. Cereal substitutes: cereal substitutes like tapioca, etc. 
4. Pulse and products: arhar, tur, gram, moong, masoor, urd, 
khesari, pea, soybean and other pulses, and their products; 
5. Milk and products: liquid milk (cow, buffalo, goat and others), 
baby-food milk (condensed powder, etc.), ghee (cow and buffalo), butter, 
dahi, ghol, lassi and other milk products; 
6. Edible oil: vanaspati, mustard oil, coconut oil, gingelly oil, 
groundnut oil, linseed oil, refined oil, other edible oil and oil seeds; 
7. Meat, fish and eggs: meat (goat meat, mutton, beef, poor, 
buffalo meat and other meat), eggs, poultry, fish (fresh and dried), bird 
and others; 
8. Vegetables: potato, onion, tomato, brinjal, cabbage, 
cauliflower, root vegetables (arum, radish, etc.), leafy vegetables and 
other vegetables; 
9. Fruits and nuts: banana, orange, lemon, mango, coconut, guava, 
pineapple, grapes, other fresh fruits, coconut copra, groundnut, 
cashewnut, dates, raisin, other dry fruits and nuts; 
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10. Sugar; sugar (factory), khandasari sugar, gur (cane and 
others), candy, other sugar; 
11. Salt: sea salt, rock salt and other salt; 
12. Spices: turmeric, black pepper, pepper, dry chillies, green 
chillies, garlic, tamarind, ginger, curry powder, other spices; 
13. Beverages and refreshments: tea (no. of cups), tea leaf, 
coffee (no. of cups), coffee powder, other drinking beverages, biscuits, 
confectioneries, etc., salted refreshments, prepared sweets, cooked 
meals, pickle, sauce, jams and jellies, other processed food items; 
14. Pan, tobacco and intoxicants: pan leaf, pan finished, supari 
(betel nut, other ingredients for pan), biri, cigarettes, leaf tobacco, 
hookah tobacco, cherroot, snuff, zardah, kimam, surti, other tobacco 
products, opium, ganja, toddy, country liquor, foreign liquor, other 
drugs and intoxicants; 
15. Fuel and light: coke, coal, firewood, electricity, gas, dung 
cake, charcoal, kerosene, candle, matches, methylated spirit, other fuel 
and light; 
16. Clothing: cotton (mill made, powerloom, hand-loom, khadi), 
wool, art silk rayon or any other synthetic textile, pure silk, and 
others including items of bedding and upholstery; 
17. Footwear: boot, shoe, slipper, sandal, chappal, wooden sandal, 
etc. 
18. Miscellaneous good and services: amusements (cinema, theatre, 
etc.), education, medicine, toilet articles, sundry articles, consumer 
services, conveyances, etc. 
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19. Rents: rents on residential house, residential land and other 
consumer goods (no computation of rent for residential houses owned by 
the sample household was made); 
20. Taxes; license fees for keeping gun, radio, cycle, motor car, 
etc., and other consumer taxes like the municipal taxes, road taxes, 
etc., but does not include income tax; 
21. Durable goods: furniture, musical instruments, ornaments, 
utensils and other equipment and their repairing expenses including the 
maintenance of residential houses. 
Sample design and estimation procedure 
The general sample design in NSS is stratified with two-stage 
selection within each stratum; the first stage units were villages in the 
rural areas and blocks in the urban areas and the second stage units are 
the households for the socio economic surveys. The sample design is 
self-weighting for all the household schedules at stage level separated 
by rural and urban sectors. 
The sample size of central sample is about 9,000 villages in rural 
areas and 5,000 blocks in urban areas. The work program of the survey 
period of one year is divided into four sub-rounds each of three months 
duration, coinciding approximately with the four agricultural seasons. 
The sub-round periods are in general July to September, October to 
December, January to March, and April to June. The sample villages and 
blocks are distributed over the four sub-rounds in equal numbers. 
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Formation of strata: For the purpose of stratifications, the 
country is first divided into 73 agro economic regions by grouping 
contiguous districts of similar agricultural profile--the number of 
regions in a state/union territory varying from one to five. The "basic 
strata" are formed within regions based on districts as follows. Each 
district with less than 1,5 million census rural population forms one 
basic stratum by itself. A district with more than 1.5 million census 
rural population is divided into a number of basic strata depending on 
its rural population by grouping contiguous tehsils, homogeneous as far 
as possible with respect to rural population density and crop pattern. 
Basic strata so formed are treated as the strata for sampling for both 
rural and urban sectors. In the urban sector, however, some of the basic 
strata having very small urban population have been merged together to 
form the ultimate urban strata. 
Allocation: The all India sample of about 9,000 rural villages and 
5,000 urban blocks are allocated to the states/union territories 
considering the field strength for data collection and rural and urban 
populations. Within each state and union territory considering the field 
strength for data collection and rural and urban populations. Within 
each state and union territory the villages and blocks are further 
allocated to the rural and urban statra in proportion to their recent 
census rural and urban population, respectively. 
In sampling of villages, in each rural basic stratum the allocated 
number of villages are selected with probability proportional to 
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population and with replacement in sampling of urban blocks, the 
allocated number of sample blocks are selected with probability 
proportional to size (a measure of population) and with replacement. 
In sampling of rural households, all the households of a sample 
village are arranged into three classes based on means of livelihood; (1) 
self-employed in non-agriculture, (2) rural labor, and (3) others. A 
sample of 12 households is selected systematically from the arranged 
frame. In sampling of urban households, all the households of a sample 
block are arranged into four classes on the basis of their nature of 
employment (self-employed, not self-employed) and their per capita 
expenditure level (less or greater than the pre-assigned per capita 
expenditure for the state). A sample of 12 households is selected 
circular systematically from these classes. 
Aggregation procedure 
The rural or urban estimate of the aggregate of any characteristic Y 
for a state or union territory is obtained as follows: 
R hr 
Y = Z M_ Z Y.. (3.1) 
r=l i=l 
^r th is the rural/urban population of r region and p^ 
is the number of sample persons in the rural/urban area of that region 
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(by. is the sum of the household sizes of all the surveyed households). 
R = number of regions in the state; 
hy. = number of surveyed households in r^*^ region; and 
= value of Y for the i^^ households of r^^ region. 
These aggregates are given for rural, urban, and city samples both at 
regional and state levels. 
Data for the present study 
A description of the data used for this study is presented in this 
section. One of the objectives of this study is to estimate a demand 
system which includes detailed disaggregation of food items utilized in a 
systems framework. Of the 31 rounds of consumer expenditure surveys so 
far conducted, the data on cereals have been disaggregated into rice, 
wheat, sorghum, bajra, maize, ragi, barley, and other millets only for 
the 27th, 28th, and 32nd rounds. These rounds also present the price 
data for these individual commodities. Thus, these three rounds were 
used for our analysis. 
The rural data is given for 24 states and union territories for 28 
items of food and nonfood expenditures. The quantities of each item of 
food grains along with pulses and cereal substitutes are also given in 
kilograms. The value of expenditures for these food and nonfood items 
are also given. These data are given for 14 different monthly per capita 
expenditure classes. The prices for the corresponding food and nonfood 
items are also used for rural and urban expenditure groups. The data on 
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the above variables are also available for 29 urban regions from 24 
states and territories, and five major cities. 
The present study combines these three rounds of data to have a 
pooled data set of time series of cross sections. The econometric 
difficulties that arise from using such pooled data sets are discussed in 
the next chapter on estimation. The first set of cross sectional data 
(27th round) was collected through the survey conducted during. October 
1972 to September 1973. The 28th round was conducted during October 1973 
to June 1974 and the third set of data was collected (32nd round) during 
July 1977 through June 1978. There were no rounds of survey conducted 
which included consumer expenditure data between the 28th and 32nd rounds 
since it was decided by the Governing Council of NSSO that the survey on 
consumer expenditure and employment and unemployment be undertaken 
together in more detail once in every five years beginning with the 27th 
round. The 28th round survey was also conducted to meet specific ad hoc 
requirements outside the quinquennial program (Government of India, 
1981). 
A summary of basic sample information for the 27th, 28th and 32nd 
rounds of NSS is given in Table 3.1. There is a slight increase in the 
number of rural villages and the number of urban blocks that are 
interviewed over the rounds. The number of households increased by 
275,000 and 6,000, respectively, for rural and urban households between 
the 27th and 32nd rounds. However, since the 28th round was an ad hoc 
round and does not come under the quinquennial program, the number of 
households was restricted. 
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Table 3.1. Sample information on NSS rounds 27, 28 and 32 on consumer 
expenditure 
27th round 28th round 32nd round 
(Oct. 1972- (Oct. 1973- (July 1977-
Sept. 1973) June 1974) June 1978) 
1. Number of villages (rural) 8626 8680 8820 
Number of blocks (urban) 4772 4859 4940 
2. Number of households (rural) 72270 15467 99766 
Number of households (urban) 52820 7881 58820 
3. Percentage households by major 
monthly per capita expenditure classes 
0 - 1 5  rural 2.71 0.74 0.71 
urban 0.62 0.28 0.39 
16 - 34 rural 37.84 22.32 14.95 
urban 16.87 9.02 4.58 
35 - 100 rural 54.34 68.46 68.91 
urban 61.11 65.13 54.83 
100 - 200 rural 4.46 7.53 12.98 
urban 17.08 20.55 29.15 
200 + rural 0.65 0.95 2.45 
urban 4.33 5.02 11.05 
4. Average number of persons 
per houshold by major 
monthly per capita expenditure classes 
0 - 1 5  rural 5.71 5.37 4.77 
urban 5.27 2.84 3.25 
16 - 34 rural 5.60 5.90 5.82 
urba 6;27 6.60 6.32 
35 - 100 rural 5.04 5.27 5.16 
urban 4.94 5.28 5.68 
100 - 200 rural 3.76 3.95 4.34 
urban 2.81 3.01 3.88 
200 + rural 3.94 3.15 3.72 
urban 2.42 2.40 2.82 
all classes rural 5.22 5.31 5.22 
all classes urban 4.72 4.81 4.88 
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The information on percentage households in five different major 
monthly expenditure classes shows that the percentage of both urban and 
rural households in the lowest two classes have declined and there is an 
increase in the higher expenditure classes over the rounds. This is 
partly due to the fact that the class intervals were not adjusted for the 
increases in the absolute expenditures over the rounds. This emphasizes 
a need for adjusting the household expenditure classes in such a way that 
in all three rounds a particular household will fall in the same 
expenditure classes. Such adjustments have been made in using NSS data 
for disaggregated analysis (Majumder, 1986; Swamy and Binswanger, 1983; 
and Binswanger et al., 1984). The classification of expenditure classes 
analyzed in the present study is given in Chapter IV. 
The number of persons per household by major monthly expenditure 
classes declines for both urban and rural households with the expenditure 
classes. The number of persons per household for rural India has 
remained the same while there is an increase by 3.4% among urban 
households. This provides a very important consideration for including 
family size effects in the demand system model. Using household 
demographic characteristics in demand equations has recently been 
suggested as an improvement over the traditional models with income and 
price variables (Ray, 1982). However, given the above observation, the 
household size variable is not included in the estimation. 
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Data on prices 
The data on prices are reported for the respective period of the 
consumption expenditure survey for rural and urban regions in each state 
and union territory. The prices are also collected from 144 different 
markets and all the commodities all over India and aggregated at the 
state level. The month-end wholesale price quotations and retail prices 
for many agricultural commodities are recorded for a large number of ' 
market centers in India. These data have been published by the 
Directorate of Economics and Statistics, Government of India. Swamy and 
Binswanger (1983) used this data for their analysis. However, for the 
present study the price data presented along with the consumer 
expenditure survey were collected from NSSO for the 27th, 28th and 32nd 
rounds. The details of data on prices and price indicies for commodities 
used for the present study are detailed in Chapter IV. 
Consumer price index 
The general consumer price index was collected separately for this 
study from various issues of Indian Labor Statistics (1972-1979). The 
rural consumer price index is the consumer price index for the 
agricultural laborers and the urban consumer price index is the consumer 
price index for industrial workers. The base year for both series was 
1970-71=100. The consumer price indices were also collected for food and 
nonfood items from the same source. Since the month during which the 
consumer expenditure survey was conducted in each state and union 
territory was known (NSSO Report, 1983), the price indices were collected 
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for the corresponding month for rural and urban data sets. The studies 
that have utilized NSS time series data which are aggregate for each year 
have in the past used consumer price index for the whole year (Majumder, 
1986). 
A comparison of sources of data on expenditure and prices used in 
some of the recent studies is given in Table 3.2. The studies which use 
time series aggregate data for India have used wholesale price indices, 
arguing that consumer prices collected by NSS before 1960 are not 
reliable (Murty, 1980). However, Binswanger et al. (1984) and Minhas et 
al. (1986) claim that the NSS price data is more appropriate in analyzing 
consumer demand using NSS expenditure data, since they are collected 
simultaneously and avoid lag effects of prices on consumption as in when 
wholesale price are used. For the present study, the consumer price 
reported by NSS for the survey periods and states are used along with the 
consumer price indices (general, food, nonfood) for both rural and urban 
areas for the month of data collection for each state. 
Comments on Quality of NSS 
The NSS data used in this study are not without criticisms. Since 
the inception, it has been receiving critical comments on the method of 
sampling, procedure of data collection and quality of data generated, 
which over the years helped NSSO to improve the quality of data collected 
by modifying the procedures. Srinivasan et al. (1974) analyzing the 
consumer expenditure data from the 17th round (1961-62) found that the 
NSS estimates of aggregate consumption of cereals in the economy were 
Table 3.2. A comparison of sources of data for demand analysis in India 
Data Source 
Author Quantity/Expenditure Prices Comments 
Murty (1980) 






Binswanger et al. 
(1984) 
Majumder (1986) 
NSS aggregate time 
series 
NSS aggregate time 
series 





exports & stocks & 
adding imports 
20th round & 27th 
round pooled for 
15 states 
NSS aggregate data 
for 24 rounds 
Wholesale price indices 
published by Office of 
Economic Advisor 
Consumer price index 
(annual) for 4 groups of 
expenditures 
Calculated price indices 
from NSS price data 
Market prices for 144 
market centers averaged 
for the states 
Consumer prices from 
NSS for each round for 
each state 
Wholesale price indices 
used as in Murty (1980) 
Since high correlation 
between retail & whole price, 
retail price indices not used 
Dropped three data points for 
those years with droughts 
Indices were calculated for 
9 commodity groups including 
6 food groups 
Received criticisms for using 
estimated data for consump­
tion (Majumder, 1986 and 
Minhas et al., 1986) 
Pooling of cross-section time 
series for 2 time periods. 
Cereal data used in 20th rd. 
received criticisms 
(Srinivasan, et al., 1974) 
Assumed that variation in 
whole sale price indices are 





NSS aggregate data 
for 24 rounds 
Pooling of cross 
section and time 
series for 24, 28 & 
32 rds. for both 
rural & urban hhlds. 
Wholesale price indices 
used as in Murty (1980) 
Same as above 
Consumer prices from NSS 
for each round in each 
state along with general, 
food & nonfood indices 
for each state for the 
period of data collection 
for rural & urban regions 
Uses both prices from NSS 
and different price indices 
published by Indian Labor 
Office 
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much higher--by about 38 percent—when compared with the figure derived 
from official production and trade data for the same year. They compared 
these estimates for the subsequent rounds (18-23) 1962-63 to 1968-69 and 
reported that the NSS figures on cereal consumption were consistently 
higher than the official figures, but the differences between the two 
sources narrowed down sharply from the year 1964-65 onwards. Tyagi 
(1982) observed similar decline in the differences of these figures. 
Mukherjee and Chatterjee (1972) explained these differences in terms of 
the lags between production and consumption. Scrutinizing the filled-in-
schedules of the earlier rounds of the survey (4-16), Chatterjee and 
Bhattacharyya (1975) suggested that this overestimation of cereal 
consumption was due to the double counting. The figures of cereal 
consumption were higher for high income classes in rural areas than the 
urban areas. This is due to the fact that high income rural households 
which employed low income rural households reported the in kind payment 
of food grains to their employees as their own food expenditures; while, 
NSS did not intend to collect expenditures on production enterprises. 
Again, these were recorded during the interview of low income households 
as their food consumption. Naidu (1983) reports that these inconsis­
tencies were observed until the 19th round and eliminated due to changes 
in the interview schedules from the 20th round onwards. These findings 
make the estimates of poverty in India based on the NSS rounds previous 
to the 20th round questionable. However, the present study uses the data 
from rounds 27, 28 and 32 which used the modified schedule for interview. 
Recently, Minhas et al. (1986) compared the consumer expenditure 
Ill 
estimates of NSS and the Central Statistical Organization (CSO) and 
suggested the NSS methodology was less inconsistent than that of CSO. 
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CHAPTER IV. ESTIMATION PROCEDURES 
This chapter presents a description of the data transformation 
procedures, estimation procedures, and the statistical tests used in 
empirical analysis of this study. A description of the classifications 
of expenditure classes analyzed both for rural and urban households are 
given first. The econometric issue of pooling cross-section and time 
series data sets are discussed next in terms of choosing an appropriate 
transformation procedure. The estimation procedures for the linear 
expenditure system and the almost ideal demand system are presented in 
the third section. The statistical tests used in testing the 
restrictions on utility structure are described in the last section. 
The study uses data from three rounds of the National Sample Survey 
(NSS) of the Government of India, the 27th for 1972-73, the 28th for 
1973-74, and the 32nd for 1977-78. Unlike most NSS surveys these rounds 
contain data on the quantities and values of the following food grains, 
rice, wheat, sorghum, bajra (pearl millet), maize, ragi (finger millet), 
small milles, and bengal gram. The expenditure class averages are given 
for 14 expenditure classes for these rounds. The basic data from these 
surveys were reclassified into 10 expenditure classes and the commodities 
were grouped into three broad groups, namely, food grains, nonfood 
grains, nonfoods. The food grains were classified into four major 
commodities as rice, wheat, coarse grains and pulses. The nonfood grains 
such as milk products, oils and fats, vegetables, sugar, nonvegetables 
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and other foods are used directly as given in NSS reports. The methods of 
the above classification are described as follows. 
Classification of Rural and Urban Households 
The original classification of the per capita monthly expenditure 
classes by NSS include 14 groups each for rural and urban consumers. The 
expenditure classes, in absolute values, though, are the same for three 
rounds. Due to changes in prices between the periods of the three rounds, 
however, the group of consumers falling in these expenditure classes may 
not be the same. Thus, to pool the data in three rounds, the expenditure 
classes were reconciled between the rounds. The 1973-74 (28th round) and 
1977-78 (32nd round) expenditure class intervals were first deflated to 
1972-73 price levels using the national price index for rural workers 
(agricultural labor index) and national price index for urban workers 
(industrial worker index) respectively, for the rural and urban 
expenditure classes. The 14 expenditure classes of 1972-73 were reduced 
to 10 expenditure classes by aggregating them. Two main criteria were 
used in choosing the classes to be aggregated. The first is based on one 
of the objectives of the study, which is to analyze the change in 
nutrition status among the households as income increases in general, and 
study the same among the poor households in particular. Thus, at least 
three household groups below the poverty line based on household 
consumption expenditure were needed. 
Secondly, the aggregation was also choosen in such a way that for 
all the groups the expenditure variable is significant in the demand 
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systems estimation. The data from the 27th round was first analyzed 
using OLS regressions of linear, log-linear and double log equations for 
different commodities with all the 14 expenditure classes for both rural 
and urban regions. The expenditure classes for which the income 
parameter was not significant were merged with the adjacent expenditure 
class and reestimated to observe any improvement in significance. This 
exercise was needed since total expenditure is one of the variables in 
the demand system and also the sample was disaggregated using this same 
variable which estimates the variation in this variable (Binswanger et 
al., 1984 and Sahn, 1988). The class allocations used for this study are 
presented in Table 4.1. Approximately the first four expenditure classes 
fall below the poverty line of Rs 48.45 for these three rounds of the NSS 
survey (Iyengar and Brahmananda, 1987). 
Commodity Aggregation 
The present study is intended to estimate a complete system of food 
demand equations for each of the food items consumed in India which will 
also be useful in deriving nutritional elasticities. In most of the 
earlier studies that estimated food demand systems, all the cereals were 
aggregated into a single commodity which included rice, wheat, sorghum, 
maize, barley, bajra, ragi, small millets, and cereal substitutes. The 
other major food groups that were commonly used were vegetables and 
fruits, oils and fats, nonvegetarian items which included meat, egg and 
fish, sugar and other foods which included spices, salt, and refreshments 
and beverages. 
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Table 4.1. Reconciliation of expenditure classes between the 27th, 
28th, and 32nd rounds 
Reconciled expenditure 1972-73 1973-74 1974-75 
class/number (27th round) (28th round) (32nd round) 
1 (Rs 0-15) 1. 2 1, 2 1, 2 
2 (Rs 15-30) 3, 4 CO 3, 4 
3 (Rs 30-40) 5, 6 5, 6 5, 6 
4 (Rs 40-50) CO 00 7 
5 (Rs 50-60) 9 9 8 
6 (Rs 60-80) 10 10 9, 10 
7 (Rs 80-100) 11 11 11 
8 (Rs 100-150) 12 12 12 
9 (Rs 150-200) 13 13 13 
10 (Rs 200 and above) 14 14 14 
For the present study, the following four aspects were considered in 
deciding on the grouping of the commodities; first, the nutritional 
contents of the foods in a group, i.e., the possible candidates for 
grouping are those food commodities with similar nutritional 
constituents. For example, the coarse grains like sorghum, maize, bajra, 
and ragi have similar contents of calories, protein and other nutrients 
(Gopalan et al., 1977) and thus could be safely grouped. Second, the 
food policy perspective based on consumption or expenditure pattern on 
food commodities, i.e., substitutability or complementarity of food 
items. The analysis of consumption patterns presented in the first part 
of the next section was used as a guide in this aspect. For example, the 
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consumption pattern showed rice and wheat were substitutes among the 
majority of the population. Also, one or some of the coarse grains were 
substituted for both rice and wheat depending on the region in which 
these coarse grains are traditionally grown. Also, major food policy 
issues in solving the problem of malnutrition are targeted towards fine 
food grains like rice and wheat. Another food item that is gaining 
importance in policy formulation in India is oil used in general for 
cooking. Oil is also rationed through fair price shops. This is due to 
decreases in the area of oil seeds in India, and oil is considered a 
basic commodity for cooking. Thus, in our study, oils are kept as a 
single group. The third aspect is the form of aggregation in which the 
data is available. For example, though eggs, meat and fish could 
substitute for each other among nonvegetarian households, they are 
reported as an aggregate and used as such for the present analysis. The 
fourth aspect that was considered in grouping the commodities as in any 
econometric analysis is the consideration of a parsimonious model. Given 
the type of covariance transformations used for the present study, the 
number of observations per group was reduced to 24 and it was important 
to have as minimum a number of commodity groups as possible. Thus, all 
the non food expenditures were aggregated into a single group. 
Following these general guidelines set for aggregation in the first 
stage, total expenditure was divided into three major categories, namely, 
food grains, non food grains, and non food commodities. Among these food 
grains are four groups, namely, rice, wheat, other grains, and pulses. 
Pulses are an aggregate of pulses and gram based on nutritional 
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considerations. The nonfood grain group consisted of six groups, namely, 
milk and milk products, oils and fats, fruits and vegetables, 
nonvegetarian foods, sugar and other foods. The third group which by 
istself forms an aggregate is the nonfood commodities. The utility tree 
for the above system is given in Figure 4.1. 
The commodity grouping followed here is consistent with the concept 
of two-stage budgeting (Strotz, 1957, 1959) under the assumption of weak 
separability (Gorman, 1971 and Blackorby et al., 1977, 1978) between the 
broader groups, namely, food grains, nonfood grains, and nonfood 
commodities. To estimate these groups of commodities a single block 
separately the assumption of weak separability should hold. This is 
tested using tests of weak separability of rural and urban housholds with 
aggregate data on all classes. The tests used are discussed later in 
this chapter. 
Food grains Nonfood grains Nonfood 
Rice Wheat Other Pulses 
Grains 
Milk Oil Fruits & Non- Sugar Other 
Vegetables vegetables Foods 
Figure 4.1. A utility tree for commodity grouping 
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Pooling Time Series and Cross-Section Data 
Models based on pooled data from time series and cross-sections have 
become increasingly important in econometrics. In developing countries 
many surveys follow a panel of households over time, rather than being 
limited to a single cross-section (Deaton, 1987). These surveys lead to 
a rich body of data given the wide variability between individual 
households coupled with much less variability for a given household over 
time. Another important use of these models is to estimate demand across 
regions over a period of time. Since for many goods considerable 
variation exists across regions while aggregate price indices move 
smoothly over time, time series cross-section models allow 
disentanglement of income and substitution effects of price changes, 
which is often difficult to do with aggregate data (Hausman, 1978). 
The data set used in this study consists of 72 observations across 
24 states and union territories for rural households and 87 observations 
across 29 states, union territories and cities for urban households. In 
general, when such pooled data are used, the classical assumptions of 
normal and independently distributed error with zero mean and constant 
variance will not be satisfied since the observations stretch across two 
variational directions. The variation in the time direction may be more 
or less than the regional direction, hence, the error term may also 
display the same variational characteristics as the dependent variable. 
Consider the model 
^it " "^li .^2 Xkit * ®it (*'1) 
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where 1=1, 2, ... N, refers to a cross-sectional .unit; t=l, 2, ... T 
refers to a given time period; y.^ is an observation of the dependent 
variable for the i^^ cross-section and t^*^ time period; is an 
observation on the explanatory variable for the i^*^ cross-section 
and t^*^ time period; e^^ is the random error for the i^*^ cross-section 
and t^'^ time period and is assumed to have zero mean and constant 
variance and to be independently distributed over time and cross-
sections; b|^ = k = 2, ..., K are the slope coefficients and are assumed 
to be different for each cross-section but constant over time and 
cross-sections and b^^ = i = 1, 2, ..., N are the intercept terms 
that are assumed to be different for each cross-section but constant over 
time. 
The choice of an estimation technique that is appropriate for (4.1) 
depends on further assumptions made about b^^. If bj^^. are assumed to 
be fixed parameters, then (4.1) is known as dummy variable model or 
covariance transformation model or fixed effects model. On the other 
hand, if b^^ is assumed to be random so that it can be written as 
bii = bj + where is an unknown parameter, and b^ and v^ are 
error components for the cross-sections and time periods respectively, 
and are independent identically distributed random variables with mean 
zero and constant variance then (4.1) is known as a variance (error) 
components model. With one of b^ and v^ assumed to be fixed, the model 
is referred to as a one way variance component model. 
The choice of one of these models depends on tests of specification. 
Choosing between the variance component model and the covariance model 
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can be done based on the Lagrange multiplier test (Breush and Pagan, 
1980). If b^ = 0 or, equivalently, ^ = 0, the individual 
components do not exist and the least squares estimator with dummy 
variables is the best linear unbiased. Under the null hypothesis r^=0, 
Breush and Pagan show that 
\ = NT 
2(T-1) 
z ( 2 e..) 
i=l t=l 
e' e 
- 1 (4.2) 
is asymptotically distributed as where ïï is the vector of 
least squares residuals obtained by regressing Y on X. If the null 
hypothesis is rejected and then the variance component model is selected 
as the model, the relevant question is whether it is reasonable to assume 
that bj are i . i . d . (0, o^) or if they are a consequence of some 
random process. Mundlak (1978) argues that it is more reasonable to 
assume that b. and are correlated and hence that E[b.] will not be 
constant but some function of X^. If this is true, the variance 
components model is similar to an omitted variable misspecification, and 
a generalized least square procedure for estimating error component 
model is appropriate. A statistical test to test the hypothesis that 
bj and X^ are uncorrelated, should be performed. Under the null 
hypothesis that the error components model is the correct specifi­
cation, Hausman (1978) shows that m = (b^ - bg)'(M]^ - MQ)"^(bg - b^) has 
2 
an asymptotic X^^^ distribution where is the covariance matrix of the 
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dummy variable estimator bg, and Mq is the covariance matrix for the 
generalized least squares'estimator of the slope coefficients bg. If 
b^ and ae correlated (rejection of the null hypothesis) Judge et 
al. (1982, p. 498) suggest that the error component model is not 
appropriate and that we are likely to be better off using dummy variable 
model regarding the inference as conditional on the b^ in the sample. 
One way of accounting for different time and cross-sectional effects 
and hence cleaning up the errors has been to introduce dutrniy variables 
for the regions and for time. This allows for constant time and region 
effects (Nerlove, 1971). Accounting for the time and region effects 
could also be accomplished by transforming the variables in the model so 
that they are expressed as deviations from the means, provided the sample 
is balanced (Maddala, 1988). Specifically, any variable Y*^ (whether 
dependent or independent) is transformed so that the transformed variable 
is 
4  =  ^ 1 - I t ^ I .  
where the dot-bar notation indicates average over the suppressed 
subscript. The transformed variables can then be used in estimating the 
system of demand equations. The covariance transformation yields 
estimates of the regression parameters without estimating the 
coefficients of the dummy variables, thus saving on degrees of freedom. 
The error-component model has been used in recent years for pooling 
cross-section and time series data. This model assumes that the region 
122 
and time effects are not fixed but random, are independently distributed, 
with zero means and (usually) positive variances. If the estimated model 
is 
Yit = a + X.^ + e^^, i=l,...,n; t=l,...,T (4.3) 
2 2 where e^^ = u- + v^ + then v^ and nhave variances a^, 
2 and 0^, respectively. 
Basically, equation (4.3) treats the intercept terms as random and 
is an intermediate solution to treating them all as different variables, 
i.e., least squares with dummy variables or treating the all as equal 
(ordinary least squares). The advantage of using the error component 
model over the covariance transformed regressions is that, while the 
latter are consistent, we can get more efficient estimates from 
generalized least square estimates of the error component model (Hausman, 
1978). 
Originally, Wallace and Hussain (1969) derived the formula for the 
error components from the residuals of the OLS regressions. The 





N(T-l) " (4.5) 
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T(N-l) • (4.6) 
However, Amemiya (1971) used estimates of the b' coefficients from the 
covariance transformed regressions to calculate residuals. But in the 
covariances transformed equations, by construction, n ^ and n are zero 
for all i and t, when n indicates the residuals from the equation. 
Hence, to calculate the residuals in the formulas for the error 
components above, Amemiya uses the b's from the covariance transformed 
equations, but on the original X, Y data, not the transformed data. 
According to a simulation study by Maddala and Mount (1973), the two 
different estimators have virtually the same small sample properties and 
do equally well as several others that they examined. 
These error components are then used to compute the second round 
generalized least square estimates. Nerlove (1971) obtains the inverse 
of the error covariance matrix in a way that allows for transforming the 
original data. He defines the four distinct characteristics roots of the 
residual variance-covariance matrix in terms of the ratios of the 
estimated error components. 
If the total error has variance. 
' K *'"l * (4-7) 
Nerlove defined P = — 
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and W = 
The four distinct characteristic roots are 
(i) = 1 - P - W + WN + PT 
(ii) Xg = 1 - P - W + WN 
(iii) Xg = 1 - P - W + PT 
(iv) X^ = 1 - P - W 
The generalized least square estimates are given by regressing the 
transformed dependent variable on the transformed independent variables, 
where the variable is transformed as follows 
Y** = Y_ - (1 - ) Y. - (1 - Y . t + 
V X 3  V T i  
(4.9) 
iTi iTï in 
The b estimates are asymptotically normal and consistent, and the 
estimated variances are consistent estimators of the variances in the 
limiting distribution. Therefore, all tests are valid asymptotically. 
In general, the variance components are assumed to be positive. 
Wallace and Hussain (1969) suggest that if one of the estimates is 
negative, then it can be assumed to be zero. Further, the gain in 
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efficiency is dependent on the value of the components. If they are 
zero, or close to zero, then either OLS or the covariance transformed 
regressions techniques are adequate (Wallace and Hussain, 1969). 
Fuller and Battese (1973, 1974) use a "fitting of constants" method 
of estimating the variance components. Given the original data, the 
total sum of squares of errors in (4.3) above is computed as the residual 
sum of squares from the regressions of the covariance transformed 
ic 9  
variables as before. The sum of squares ê ^ in (4.4) is obtained by 
regressing the variable transformed as follows: 
. it ' - It 
and the sum of squares ê? is obtained by regressing the variables 
transformed as follows 
vft = Ylt - 7|. (4-10) 
Apart from covariance transformations and error component models, 
Kmenta (1985) suggested two other models for pooling cross-section time 
series data sets. The models are also described in Judge et al. (1985, 
p. 518). The first one is the cross-sectionally heteroskedastic and 
time-wise autoregressive model and the second is the cross-sectional ly 
correlated and time-wise autoregressive model. These models are 
estimated using generalized least squares. For the purposes of the 
present study two variants of the cross-sectionally heteroskedastic and 
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time-wise autoregressive model is used. The characterization of this 
model is 
Y,t = Ï (4.11) 
with Efe^t) = (heteroskedasticity) 
E(e^t ey^) = 0 (i=j) (cross-sectional independence) 
and e^^ = e^ (autoregression) 
2 
where ^N(Oj e,jW(° '  " " p  
1  - P J  
and E(ej Ujt) - 0 for all i, j. In this model the value of 
the parameter P is allowed to vary from one cross-sectional unit to 
another. A variant of this model is to restrict the same P for all the 
cross-sectional units (P^j = Pj = P). These models could be estimated 
using generalized least squares procedures. The SHAZAM (White et al., 
1987) econometric package presents programs to estimate the above models, 
For the first model the estimate of P.j is calculated using the 
correlation coefficient form which confines the estimate of P to the 
interval C-1, +1]. This is because when T is small, P.,- may exceed one 
in absolute value and the above procedure avoids this possibility. The 
second model uses the same P for all cross-sectional units. 
Among the earlier Indian studies which used similar pooled data of 
cross section and time series data, Swamy and Binswanger (1983) chose to 
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estimate the variance (error) component model and transformed the 
original variable to obtain generalized least square estimates, while 
Binswanger et al. (1984) used the simple covariance transformation given 
in (4.2). For the present study, however, to choose the appropriate 
transformation for the data, initially seven different models were 
estimated based on single equations. The rural prices of rice, wheat, 
millets, the general consumer price index and total expenditures were 
used as independent variables in rural rice expenditure equations. The 
possible transformations (Judge et al., 1985 and Maddala, 1988) used were: 
1. Y*^ = - T ^ (cross-sectional dummy variable model) 
2. Y*^ = Y^^ - Tj (time series dummy variable model) 
3. Y*^ = Tj - T ^  + T.. (covariance transformation model) 
4. Yj = f(Y.j^) (average over time model) 
• 
5. Y^^ = Y^^ - Y. (one way variance component model) 
6. Cross-sectionally heteroskedastic and time wise autoregressive 
model (correlation coefficient version) 
7. Cross-sectionally heteroskedastic and time wise autoregressive 
model (constraining P for all cross-sections). 
To choose between the dutrniy variable model and error component model the 
Lagrangian multiplier test was performed. The value of X was 1.149 with 
NT = 72 and ïï'i" = 4.631. The null hypothesis that = 0 could not be 
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rejected both at 5 percent significance (3.841) and at one percent 
(6.635) significance levels. However, the Hausman specification test for 
the variance component model presented under the last column in Table 4.1 
rejected the null hypothesis that ^ and are uncorrected. The 
value of M = 16.324 while the chi-square values were 16.81 (1 percent) 
and 12.59 (5 percent), thus suggesting the error component model may be 
misspecified. In such cases dummy variable models may be better (Judge 
et al., 1982). 
The results of the above transformations were compared with the 
ordinary least squares (Table 4.1). Since none of the transformations 
provided improvements over the ordinary least squares in terms of better 
fit, proper signs and significance of the parameters, three other 
transformations were tried. These transformations were arbitrarily 
selected comparing the variance of the observations in the three cross-
section data sets for each time period. The use of such arbitrary 
transformations have been suggested in Swamy (1971). The data were 
transformed as follows: 
1. Vj = + Vj2 + Yjj 
2. 
3- "3 - ^1 " "(2 - 2^3 
The square roots of residual mean squares from these regressions 
were then used to standardize Y^, Yg, and Yg. The transformed data 
was then estimated using OLS and compared with OLS using original data. 
Table 4.1. Results of ordinary least squares and covariance and error component transformations 
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(2.09) 1.812 (3.34) 1.566 (1.49) 0.177 (0.63) 0.001 (0.14) 9.186 (1.86) 0.001 (0.02) 0.690 (1.04) 
R'^ 0.72 (Buse)0.95 0.73 0.42 0.11 0.89 0.54 0.24 
Adj R^ 0.68 0.99 0.97 0.38 0.05 0.86 0.51 0.18 
Durbin-
Watson 
2.01 —  — —  1.74 1.99 2.26 1.84 1.72 
Resid. Var. 0.07 -  —  -
—  —  —  0.037 0.0038 0.032 0.0032 0.039 
n 72 72 72 72 72 24 72 72 
®t-ratios in parentheses. 
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The comparison is given in Table 4.2. The model using the transformation 
^1 ~ ^il ^i2 ^i3 performed better than any other transformation 
including the results of transformations presented in Table 4.1 and 
thus was selected for the present study. 
It could be noted that the transformation choosen is similar to the 
average over time model given in column 6 of Table 4.1. The results of 
that transformation are not better than the chosen model. This could be 
due to the fact that since the time periods involved in the data are not 
with uniform intervals, averaging over the time periods may not provide 
good results. Also, when time periods are very small compared to the 
cross-sections, pooling based on arbitrarily chosen transformations may 
be better than error component models (Swamy, 1971). 
Demand System Model and Estimation 
Initially, the nature of data was analyzed using ordinary least 
squares method with single equations for all the individual commodities 
and different groups of commodity aggregates. The signs of the 
coefficients and their significance were observed with different 
formulations such as linear, log-linear, and double log equations. 
However, it is well established in the literature that estimating systems 
of demand equations is more appropriate to derive cross-price 
elasticities of different commodities used (Theil and Clements, 1987). 
Among the alternative demand systems models, the Linear Expenditure 
System (LES) and the Almost Ideal Demand System (AIDS) were chosen for 
this purpose, based on theoretical and empirical considerations. 
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Table 4.2. Results of ordinary least squares and three arbitrary 
transformations for rice equation 
Independent 
Variables 


























































R^ 0.71 0.89 0.66 0.52 
Adj R^ 0.68 0.86 0.59 0.42 
Durbin-
Watson 
2.01 2.12 1.92 1.42 
n 72 24 24 24 
*t-stat1stics in parentheses. 
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Both the demand systems are complete, theoretically plausible systems 
and satisfy the properties of demand systems. However, the LES results 
are reported primarily to help evaluate the results obtained from the 
AIDS. 
Linear Expenditure System 
The linear expenditure system, developed by Stone (1954) and 
subsequently used in numerous empirical studies is a well known system of 
demand equations. The form of the demand equation for any individual 
commodity i is given by 
Pi q. = C. P. + b. (X - Z 0% P^), i=l,...,n (4.11) 
with X > Pk Ck' 0 < b. < 1, and 2 b. = 1 (4.12) 
when n is the total number of commodities; X is the total expenditure 
of the consumer; P. is the price of i^^ commodity; q^ is the quantity of 
i^*^ commodity consumed and b. and C- are the parameters of the system. 
These parmeters are interpreted as follows. is the committed quantity 
of the i^^ item. In view of the fact that q. = when X = P^C^; C.'s 
are also called the subsistence level of consumption, (Y - Z P^ C|^) is 
thus the supernumerary income and is allocated among the items in 
proportions bp bg, ..., b^. Therefore, bu's are called the marginal 
budget shares. This system, by construction, satisfied the theoretical 
properties, v^^ homogeneity of the demand equations in prices and income 
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and symmetry of the compensated cross price effects. The expressions for 
the income elasticity and uncompensated own and cross price elasticities 
for the system are given in (2.37, 2.38 and 2.39). 
For the estimation of LES in the present analysis the following 
specification was used 
Pit^it ^it^i ^ bjCX - Z P^t^k) * ^it (4.13) 
i=l, 2, ..., n; t=l, 2, ... T 
where t subscript refers to observation and the disturbance terms U^s 
are assumed to have 
E(U.^) = 0 for all i, t 
fo.. for t=S 
and fortes 
The contemporaneous covariance matrix of the disturbances 0 = (o^j) is 
singular here because of the adding up criterion. Under the assumption of 
multivariate normality of Us, the log-likelihood function can be maximized 
by standard non linear maximum likelihood (NLML) method with provision for 
handling the singularity of (White et al., 1987). 
Estimation of Almost Ideal Demand System 
The Linear Approximate Almost Ideal Demand (LA/AID) system was chosen 
for this study to estimate the parameters of the Indian food demand system 
for different groups of rural and urban consumers. It combines the best 
of the theoretical features of both the Rotterdam and translog models with 
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the ease of estimation of Linear Expenditure System (LES). The LA/AID 
system is said to provide an arbitrary first-order approximation to any 
demand system, to satisfy the axioms of choice exactly, and under certain 
conditions, to aggregate perfectly over consumers (Deaton and Muellbauer, 
1980a). The theoretical restrictions of homogeneity, Slutsky symmetry, 
and adding up, can be imposed easily on LA/AIDS. The budgetary share (W) 
allocated to the three broader groups of expenditures, namely, food grains 
(FG), nonfood grains (NFG), and non foods (NF) at the first stage are 
given by 
W. = a. + Z Yii In P. + 3. In (A) (4.14) 
1  1  'J  J  1  r  
where Pj is the price index of group j (j=FG, NFG, NF), X is the total 
expenditure on all three groups and P is a suitable price index. For P, 
Deaton and Muellbauer (1980a) suggest using Stone's index (defined as log 
n 
P = z W. InP.). For the present study the food grain price index was 
i=l ^ 1 
derived using the prices of all the food grains, the nonfood grain price 
index is taken from the food price index other than food grains published 
by NSS, and nonfood price index is the price index of nonfoods published 
by Indian Labor Statistics. 
At the second stage for the food grain group the budgetary share 
equations for the four food grains are given by (4.14) for rice, wheat, 
coarse grains, and pulses. The prices of rice and wheat were directly 
available. The coarse grains price is a weighted price index of sorghum. 
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bajra, maize, ragi, barley, and small millets. The pulses price is a 
weighted price index of pulse price and grams price. For the nonfood 
grain groups the budgetary share equations for milk products, oils and 
fats, vegetables, sugar, nonvegetarian items and other foods are given by 
(4.14). The price of milk products is the average price of cow milk, 
buffalo milk, and buttermilk. The price of oils and fats is the average 
price of gingelly oil, groundnut oil and vanaspati (hydrogenated vegetable 
oil). The price of vegetables is the average price of brinjal, tomato, 
potato and banana. The sugar price is the average of prices of refined 
sugar and gum (brown sugar). The weighted index prices of mutton, fish, 
eggs and poultry are used as meat price for nonvegetarian foods. The 
price of other food items is the price index of prices of beverages, 
snacks and other foods eaten outside. These averages and price indices 
are given in NSS reports for each round and for rural and urban regions in 
each state and union territory. Since the budget share is used in the 
LA/AID system, the expenditure share of individual items is added to form 
expenditure of the group, and budget share of the group is derived by 
dividing it using the total budget. 
Adding up, homogeneity and Slutsky symmetry can be imposed on this 
system by restricting the parameters of the system so that the following 
relationships hold: 
n n n 
i=l 
Z a = 1; E Y-. = 0; and 2 3. = 0 




"ij '""ji (4.17) 
Provided equations (4.15), (4.15) and (4.17) hold, the estimated demand 
functions add up to the total expenditure (4.15), are homogeneous of 
degree zero in prices and income taken together (4.16), and satisfy the 
Slutsky symmetry. In estimating LA/AIDS, the share equations for a three 
group demand system can be written as 
Wi = ai + TnPi + Y^2 ^"'^2 ^13 ^1 (p) 
Wg = 0% + Ygi TnPi + Y22 InPg + Ygs ^"''3 ^ 2  (f) 
W3 = Og + Y32 TnPi + Y32 lnP2 ^33 ^"*^3 ^3 ^P^ 
If adding up is satisfied, = 1 - - a^; Yg^ = 0 - Y^^ - Ygjl 
Y32 = 0 - TÏ2 - Y22: Y33 = 0 - TÏ3 - Y23: and 63 = 0 - - g,. 
Then 
W3 = (1 - 0^2 ~ Gtg) + (0 - Y^^ ~ ^21^ InPj + (0 - ^12 ~ ^22) 
(0 - Yi3 - Y23) lnP3 + (0 - 3^ - $2) In (^) (4.18) 
To impose symmetry and adding up simultaneously 
+ Y^2 + ^22 InP^ + (0 " " "^12^ TnPg + 3^ In(^) 
Wg = «2 + Y^2 + ^22 InP^ + (0 - Y^2 " ^22^ ^"^3 ^2 
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Wg = (1 - - agilnP^ + (0 - + ("Y^j + Zy^g + YggilnPg 
+ (0 - g} - GgiTntf) 
If homogeneity is to be imposed, the prices could be put in relative 
terms and one of the equations can be dropped. 
P P 
Wi = «1 + In(^) + Y^2 In(^) 
Pi Pp X 
^2 ~ ^2 ^ Yi2 ^ ^22 ^ ^2 
The parameters of the omitted equation can be calculated using the 
adding-up restrictions. The omitted share equation parameters calculated 
using the restrictions are identical to those that would be estimated 
directly using OLS. Also, the imposition of Slutsky symmetry 
automatically imposes homogeneity in the LA/AIDS (McKenzie and Thomas, 
1984). For estimation, the LA/AIDS model with an additive disturbance 
specification is given by 
n X. i =1,..., n 
W.. = a. + E Yii InP.f + In(p-) + U-
' j=l ^ "^t t=l,...,T 
where n is the number of commodities and T is the number of 
observations. The nonlinear, seemingly unrelated regression procedure of 
SHAZAM (version 6.0) (White et al., 1987) was used to estimate the 
parameters of the expenditure system. This procedure provides maximum 
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likelihood estimates that are invariant to the equation chosen for 
deletion (Chalfant, 1987). 
The Marshallian and Hicksian measures of elasticities can be 
computed from the estimated parameters of the LA/AIDS model as follows: 
Yii 
Gii = - 1 + WT- - Gi 
Yij w. 
®ix = l^w7 
Yii 
and d j ^  = - 1 + —— + w ^  
d , j = ^ + W j  ( 4 . 1 9 )  
where e denotes the Marshallian elasticities and d denotes the income 
compensated or Hicksian elasticities. The tests of the weak separability 
assumption and symmetry and homogeneity restrictions are explained in the 
next section. 
The above procedure for estimation was followed throughout the study 
for both rural and urban households. The tests of the weak separability 
assumption, and symmetry and homogeneity restrictions are explained in 
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the next section and the results of the test of aggregate rural and urban 
expenditure groups are presented in Chapter V. 
Statistical Tests of Theoretical Restrictions 
The test statistics that are used to evaluate the theoretical 
restrictions on the demand functions are discussed in this section. 
Statistical test procedures 
Consider a static demand model represented by 
Y = X3 + U (4.20) 
where Y is T x N matrix, X is t x n matrix and U is normally distributed. 
The (n-1) restrictions implied by the homogeneity condition and n + 
restrictions implied by Slutsky symmetry restriction can be written as 
R3 = r (4.21) 
Three asymptotic statistical tests are widely used to test such linear 
restrictions in statistical models, namely, the Wald test, the likelihood 
ratio test, and the Lagrangian multiplier test (Buse, 1982). These tests 
are based on general principles and can be used for testing linear as 
well as nonlinear restrictions. 
Wald test This test is based on the extent to which the 
restrictions are violated when unrestricted rather than restricted 
estimates are used. Under the null hypothesis of homogeneity and 
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symmetry restrictions the combined Wald test statistic is given by 
restrictions. 
Likelihood ratio test 
The likelihood ratio test is based on the idea that if the 
restrictions are true, the value of the likelihood function maximized 
with the restrictions imposed cannot differ too much from the value of 
the likelihood function maximized without the imposition of the 
restrictions. Formally with cross equation restrictions of the form 
R3 = r the restricted estimate of 3 is given by (Fomby et al., 1984) 
(4.22) 
where g is the unrestricted estimates, is the estimated variance-
covariance matrix given by -y-, and e = Y - X3. W is asymptotically 
distributed as with degrees of freedom equal to number of 
(4.23) 
Since the true n is unknown, 3 is usually obtained in a iterative fashion 
after updating n with estimated ^ after each iteration, until convergence 
yielding the final estimator of 3 and Q. Then a likelihood ratio test 
can be computed as. 
(4.24) 
which is asymptotically distributed as with degrees of freedom equal 
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to the number of restrictions. Alternatively if the liklihood functions 
values are given by the estimation packages (e.g., SHAZAM) then LR could 
be computed as follows 
LR = -2CL(3, o^) - L(3, a^)] 
which is asymptotically distributed as X^, where L(3, is the 
maximum of the log likelihood function when the restrictions are imposed, 
L(3, a^) is the maximum of the log likelihood functions when the 
restrictions are not imposed and m is the number of restrictions 
determined by deducting the number of restricted coefficients from the 
number of the unrestricted coefficients. 
Lagrangian multiplier test This test (also called the "score 
test") is based on the extent to which the first-order conditions for 
maximizing the likelihood function are violated when the unrestricted 
estimates are replaced by the restricted ones. Formally, this is given 
A ^ 
by replacing 0 in (4.22) by îî so that 
LM = 3'R'CR{fi®(X'X)"^] R']-l R3 (4.25) 
which is again distributed X^ with degrees of freedom equal to the 
number of restrictions. 
Comparing these three test statistics it is clear that Wald 
statistics are based only on estimating the unrestricted model. The 
Lagrangian multiplier test is computed from the restricted estimates 
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and the likelihood ratio test uses both restricted and unrestricted 
estimates. Asymptotically all three tests have the same asymptotic 
distribution and have the same power. In a small sample the tests are 
likely to have different properties. In fact, if the restrictions are 
linear, then it can be shown that the values of the three test statistics 
are such that 
LM < LR < W (4.26) 
so that rejection of the null hypothesis can be favored by using LM, 
while accepting the null hypothesis can be favored by using W (Berndt and 
Savin, 1977). This inequality always holds, irrespective of the sample 
size, parameters and configuration of data. 
Testing for Separability 
An initial analysis of the budget share for rural consumers showed 
that they spend almost as much on food grains as on all other foods 
combined. Also, the data used in this study have detailed data on 
consumption and prices of different food grains. The analysis on how 
consumers allocate their income between food grains, other food and non 
food items using separability assumptions could have major implications 
for policy formulations. This section demonstrates how separability 
hypothesis could be tested using parametric restrictions. 
Barten (1964 and 1967), Brown and Heien (1972), and Jorgenson and 
Lau (1975) have developed separable demand models. In most of these 
studies, where tested, the separability restrictions have been rejected. 
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Recently, Eales and Unnevehr (1988) derived a restriction to test for 
weak separability in a first difference AIDS model. In this study a 
restriction that is easy to impose on the data and allows the use of the 
convenient likelihood ratio techniques is used to test separability 
(Hayes et al., 1988 and Winters, 1984). 
A brief review of separability concepts was given in Chapter II. 
The concept of quasi-separability of a cost function (Pudney, 1981) is 
used to test in the AIDS model since AIDS is based on a flexible 
functional form of the cost function. If there exists an arbitrary cost 
function C = G*(P, U) which is concave, homogeneous of degree one in P 
and increasing, then the preferences for this function are said to be 
quasi-separable if the function can be written as 
where G(.) and the function g^(.) also have the general properties of 
cost functions, goods are grouped into r groups with P^ ... P^ price 
subvectors and the functions g^(P^, U) are increasing in U and G. 
C = GCg^(Pp U) gJP^, U)] (4.27) 
The group budget shares (W^ = y^) and the intragroup budget shares 
Q jPi (W.. = -W-^) may be derived from (4.27) (Deaton and Muellbauer, 1980b): 




3 In g.(P., U) 
"ij - 3 In p!j (4-291 
where g-jCP-j, U) could be considered as group price indices that 
depend on the level of utility U. The share of subgroup j within the 
total expenditure X given by Wgj = can be derived using Shepard's 
lemma. 
a In r 9 In 9; 
"gJ ° ' i" 9, i. In p!j ° "i"ij (4.30) 
The Slutsky terms between the goods can be derived by differentiating the 
above equation (4.30) with respect to the price of good r in group 
S(Pgr) holding U constant; 
Y - I ^Gj _ aZ InG ^1"9i ,43^. 
ijsr <^lng^. Tïïg^ ' TTTT * 3TnP^ 
31nG alnW; 3lng. 3lng 
"here 31ÏÏ?J V^is' âlFp:: = "ij: âîïïp;; = "sr 
and is the estimated cross price parameter between groups i and s 
estimated from an aggregate AIDS model that has shares W.j and Wg as 
dependent variables (say food grains and other foods in our analysis). 
This is derived by differentiating the W.j (foodgrains) equation with 
respect to the group price index for s (nonfood grains) holding the level 
of utility constant. The restriction that is implied by the 
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quasi-separability of the cost function could be written in terms of 
known shares and estimated parameters as: 
^ijsr - "sr (4-32) 
Two groups of food grains i, and other foods s, may be considered 
separable if the compensated cross price effects between the share of 
good j (rice) in group i (food grains), and the price of good r (milk) in 
groups s (nonfood grains) satisfy the above condition (Hayes et al., 
1988). 
For the present analysis W.j, and are respectively the 
expenditure share of each food grain (rice, wheat, millets, pulses) in 
the food grain group, the share of expenditure for a particular food item 
(milk) in a nonfood grain group, and the cross-price parameter between 
the food grains and nonfood grain groups from an aggregated AIDS model. 
If Wgy, = 1, the above restriction becomes 
^irs = "ij 
To implement the separability test using this restriction, the following 
procedure is used. 
First, an estimate of Yjg was obtained using the AIDS model for 
food grains and nonfood grains in a two equation system. Second, another 
AIDS model was estimated in which individual food grain shares and the 
nonfood grain group share were dependent variables. The mean share of 
the individual food grains within the food grain group was multiplied 
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multiplied by to obtain a set of parametric restrictions. These 
restrictions were then placed on the cross price terms between each food 
grain price and nonfood grain group price. To determine whether these 
separability restrictions were accepted by the data, a likelihood ratio 
test was performed. The separability between the food grains and nonfood 
group as well as the separability between nonfood grains and nonfood 
groups were also tested using the same procedure. 
Estimation of Nutrition Elasticities 
There are in general two common approaches to calculate the 
parameter estimates on how changes in income and prices will change the 
intake of nutrients. The first one is to estimate food demand systems 
using one of the demand systems (LES or AIDS) and then convert the 
expenditure and price elasticities obtained from these to nutrient 
elasticities with respect to expenditure at the same level of 
aggregation. Murty and Radhakrishna (1982), Strauss (1982) and Pitt 
(1983) have used this method in their studies. The second approach is to 
estimate the reduced form equations of demand for nutrients directly 
using expenditure and other demographic variables as independent 
variables (Levinson, 1974; Timmer and Alderman, 1979; Ward and Sanders, 
1980; Wolfe and Behrman, 1983; and Pitt and Rosenzweig, 1985). A review 
of these studies was presented in Chapter II. 
In earlier studies researchers have proceeded with one of the above 
approaches without explaining their choice. However, Pitt (1983, p. 110) 
argued that using the demand system approach is clearly preferable to the 
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direct procedure since all the parameters of the true calorie-expenditure 
relationships are completely identified from the individual demand 
equations. Also, the issues relating to the correctness and difficulties 
in deriving price indices of nutrients in the second approach have caused 
the studies following this approach to drop the prices from their 
equations (Behrman and Deolalikar, 1987). For the present study, the 
first approach is used since the demand systems are estimated in the 
first part of the study. 
Food price-nutrient elasticities 
The food price-nutrient elasticities provide information on the 
response of nutrient intake to any change in food prices. These can be 
derived from the matrix of direct and cross price elasticities calculated 
from the estimated parameters of the demand systems. 
The elements of the matrix of food price-nutrient elasticities, 
(fi^j are given by 
f Si E'Yi' 
"••nj ' Z E(Y,) (*'34' 
where the «I'pj's are uncompensated food price nutrient elasticities, a^^ 
is the quantity of nutrient n per unit of food i, e^j is cross price 
elasticity and E(Y^-) is mean consumption of food commodity i. The 
compensated food price elasticity of nutrients <1)^^. are calculated the 
same way replacing e^j with the compensated food price elasticity of 
nutrients e*j in (4.34). 
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Nutrient expenditure (income) elasticities 
The expenditure elasticities of nutrients are the indicators of 
changes in the nutrition intake due to incremental changes in 
expenditure. They are derived from the expenditure elasticities 
calculated from the estimated parameters of the demand system and given 
by 
«ix «"1) 
*nx ° t É(V,) 
where is expenditure elasticity of nutrient n with respect to the 
expenditure x and e^-^^ is the expenditure elasticity. These nutrient 
elasticity formulas are used for different groups of households and the 
results are presented in the next chapter. 
A Note on Limitations in Deriving Nutrition Elasticities 
Whether a direct or indirect approach was followed to derive 
nutrition elasticities, there are certain difficulties in the derivation 
and the use of nutrient coefficients. Some of the difficulties or 
limitations in the use of nutrient coefficients are pointed out, though 
overcoming all of them may be difficult given the limitations of data in 
applied studies. 
The use of average nutrient coeficients for aggregated food 
commodities may lead to erroroneous calculations of some nutrients. For 
example, combining rice and ragi (finger millets) in the grains group as 
in Behrman and Deolalikar (1987) may result in overvalued estimation of 
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carotene, iron, calcium and thiamine. Ragi has 344 mg of calcium, 6.4 mg 
of iron, 42 mg of carotene and 0.27 thiamine, while rice contains 9 mg, 
2.8 mg, 2 mg and 0.06 mg, respectively of these nutrients. Even if rice 
is considered as a single food commodity, factors such as the quality of 
rice varieties--some rich in certain minerals, use of parboiled or raw 
rice for cooking, and use of hand pounded or milled rice, which change 
the nutrient content of minerals and vitamins, make it difficult to use a 
single nutrient coefficient for rice. For example, milling rice reduces 
protein by 9.3 percent, phosphorous by 16 percent, carotene by 100 
percent, thiamine by 71 percent, riboflavin by 63 percent and ascorbic 
acid by 50 percent (Gopalan et al., 1977). 
The food items which are not considered for a particular study could 
make much difference if a specific nutrient is of importance. For 
example, if one is interested in knowing how much increase in the intake 
of carotene would result due to a subsidized milk program on a targeted 
household that suffers from vitamin A deficiency identified by the 
incidence of "night blindness", use of just milk and rice may not be 
appropriate. Other food items that are consumed by the households such 
as vegetables, greens and pulse which contain high levels of vitamin A 
should also be considered for such an analysis. Timmer (1981) and 
Alderman and Timmer (1980) use just rice and cassava for Indonesia to 
study the nutrition elasticities. 
In most of the food expenditure surveys, the categories under "other 
foods" are refreshments and foods taken outside the home which form a 
substantial portion of food expenditure. Since quantification of 
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individual food commodities is not possible in such cases, this food 
expenditure is usually not considered for nutrition calculations. 
The nutrition coefficients used in this study are based on nutritive 
values of Indian foods presented in Gopalan et al. (1977) and are given 
in Appendix, Table A.3. 
The methods of estimation utilized in the present study were 
explained in Chapter IV. The methods of aggregation over consumers into 
ten expenditure classes were presented, followed by the procedures and 
general guidelines used for commodity aggregation for a two stage 
budgeting procedure. Data transformation procedures used in pooling and 
cross-section and time series data were discussed and the results of 
various transformations were compared with ordinary least squares 
estimates. The estimation procedure for the linear expenditure system 
and the almost ideal demand system were discussed with the theoretical 
restrictions. The statistical test procedures for testing restrictions 
on demand theory and separability assumptions were also presented. 
Finally, methods of deriving nutrition elasticities from price and 
expenditure elasticities were discussed with their limitations. 
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CHAPTER V. RESULTS AND DISCUSSION 
The results of empirical analysis of the data discussed in the 
previous chapter and its implications for the objectives of this study 
are presented in this chapter. The results are presented in five 
sections. The first section presents a budget share analysis of the 
rural and urban consumers for different expenditure classes by commodity 
groups. A comparison of results of the linear expenditure system and the 
almost ideal demand system is presented in the next section. The tests' 
results of separability and tests of restrictions on demand theory are 
given for rural and urban aggregate expenditure classes in section three. 
Section four presents the elasticity estimates of the LA/AIDS model 
for 10 expenditure classes for both rural and urban consumers. The 
nutrient expenditure and food price-nutrient elasticities are presented 
in section five along with discussions of income-nutrient relations. 
Analysis-of Household Budget Shares 
Information on the allocation of total expenditure among different 
commodities is of fundamental requirement for any demand analysis. 
Further, an understanding of food consumption patterns among households 
in different expenditure categories is important for formulations of food 
and nutrition policies (Mellor, 1978). The budget share allocations of 
total expenditure for ten expenditure classes for rural and urban regions 
of India are presented and discussed below. 
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The share of the household budget by commodity groups and 
expenditure classes for rural households for 1977-78 is given in Table 
5.1. The share of foods form about 81 percent of the total expenditure 
for the lowest expenditure class and about 38 percent for the highest 
expenditure class with an average of 65 percent for rural households. 
The food grains form about 65 percent of total expenditure for the lowest 
class. This share declines with increases in expenditure while the share 
of nonfood grain foods shows a reverse pattern with an average of 27.50 
percent for the rural households. The shares of nonfood grains and non-
foods are almost equal for all classes except the highest three classes. 
Among the food grains, rice and coarse grains form a major share of the 
budget for the lower expenditure classes indicating that there is a large 
potential for increasing nutritional intake by formulating policies that 
influence the consumption of these commodities. As expenditure increases 
there is a tendency to use more wheat and pulses reducing the consumption 
of rice and coarse grains. For the high income groups the rice and wheat 
budget shares are similar. Among nonfood grain foods the shares of milk 
products, oils, nonvegetarian foods and sugar show an increase in budget 
shares with the expenditure classes. The share of vegetables shows a 
slight decline while the share of other foods virtually remains the same 
except for the highest class. 
The budget shares of urban consumers show a different picture and 
are given in Table 5.2. The expenditure classes one and ten are distinct 
from the other classes. While the trends in food grain expenditure and 
nonfood expenditure are similar to that of rural classes, the food grain 
Table 5.1. Share of household budgets by commodity groups and expenditure classes—rural 1977-78® 
(percent) 
commodity Expenditure Class 
Group 1 2 \ 3 4 5 6 7 8 g 1 10 Classes 
Rice 24. 47 24. 44 22. 49 20. 51 16. 33 12. 67 9. 37 6. 82 6. 04 5. 13 10.18 
Wheat 7. 80 8. 85 10. 22 9. 82 9. 25 8. 60 8. 42 7. 52 5. 25 4. 48 5.79 
Coarse Grains 30. 35 28. 74 25. 70 22. 78 17. 27 15. 62 11. 50 9. 06 6. 91 1. 44 11.15 
Pulses 1. 83 2. 97 3. 84 4. 41 4. 87 4. 79 4. 55 4. 22 3. 69 3. 13 4.24 
Food Grains 64. 45 65. .00 62. 25 57. 52 47. 72 41. 68 33. 84 27. 16 21. ,89 14. 18 37.36 
Milk Products 0. 77 1. ,09 21. 42 4. 08 7. 65 9. 35 11. 72 12. 43 10. ,85 6. 90 7.68 
Oils & Fats 2. 41 2. ,97 33. 02 3. 59 3. 67 3. 58 3. 46 3. 36 2. ,99 3. 39 3.52 
Vegetables & Fruits 5. 39 4. ,79 4. 64 4. 73 4. 73 4. 79 4. 56 4. 34 4. ,06 3. 11 4.82 
Meat, Eggs, Fish 1. 73 1. .76 2. 18 2. 36 2. 69 2. 73 2. 48 2. 18 2. 13 1. 88 2.63 
Sugar 1. 16 1. ,58 2. 27 2. 92 3. 86 4. 34 4. 76 4. 88 4. .96 5. 01 2.60 
Other Foods 5. 49 5, .58 5. 62 5. 48 5. 24 5. 08 5. 20 5. 05 5, .12 3. ,49 5.45 
Nonfood Grains 16. 96 17 .78 20. ,17 23. 23 27. ,84 29. ,88 32, 19 32. 25 30, .12 23. ,91 27.50 
Nonfood 18. ,59 17 .22 17. .58 19. ,25 24. ,44 28. ,44 33. ,97 40. ,59 47 .99 61. 91 35.14 
^Calculated from National Sample Survey Report (1977-78). 
Table 5.2. Share of household budgets by commodity groups and expenditure classes—urban 1977-78® 
(percent) 
Commodity Expenditure Class ^11 
Group 123456789 10 Classes 
Rice 22.42 23.76 21.57 20.17 15.86 15.45 13.35 10.06 7.71 3.75 11.36 
Wheat 0.45 7.42 12.01 12.78 10.69 9.68 8.77 7.02 5.35 0.71 7.42 
Coarse Grains 3.14 11.48 9.50 5.15 2.78 2.18 2.01 0.96 0.21 0.02 1.77 
Pulses 0.22 2.90 4.46 4.94 4.98 4.71 4.24 3.96 3.28 1.63 3.81 
Food Grains 26.23 45.56 47.54 43.04 35.27 32.02 28.37 22.00 16.55 6.11 24.36 
Milk Products 2.47 2.34 3.73 5.69 8.43 9.39 10.50 11.37 11.65 6.68 9.52 
Oils & Fats 1.35 3.23 4.56 5.07 5.49 5.46 5.46 5.04 4.45 2.14 4.64 
Vegetables & Fruits 6.05 5.24 6.03 6.33 6.58 6.62 6.72 4.94 6.66 4.42 6.35 
Meat, Eggs, Fish 2.24 2.51 2.88 3.37 3.67 3.81 3.77 4.63 3.57 2.33 3.46 
Sugar 1.12 2.79 3.09 3.05 3.11 3.10 3.09 2.82 2.48 1.21 2.64 
Other Foods 21.52 13.16 8.91 8.50 8.24 8.46 8.34 9.04 10.26 7.88 8.64 
Nonfood Grains 34.77 29.29 29.20 32.03 35.80 36.84 37.90 38.74 39.07 24.68 35.62 
Nonfood 39.00 25.15 23.26 24.93 28.93 31.14 33.73 39.26 44.38 69.21 40.02 
^Calculated from National Sample Survey Report (1977-78). 
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expenditures are about 20 percent lower than those of rural consumers for 
clases 2, 3 and 4. The nonfood grain foods show higher share for urban 
consumers than that of rural consumers in all classes. The nonfood 
budget shows a similar pattern. From a policy perspective, it can be 
observed for the urban consumer's policies that increase income may bring 
about increases in the budget shares of high quality protein rich foods 
such as milk, vegetables and meat. The consumption share of minor cereal 
crops which are a low-cost calorie source is low in urban households. 
This is largely due to the differences in taste between urban and rural 
households. Thus, any significant reduction in their price may not lead 
to higher consumption. 
Consumer expenditure as a percentage of total expenditure is given 
for the post-green revolution period for rural and urban households in 
Table 5.3. In each round the food grain share is lower for urban than 
rural consumers. The share of cereals and pulses shows a constant 
decline for both rural and urban households. The share of nonfood grain 
foods shows an increase over the years in rural and urban expenditure 
classes. While the share of milk products, vegetables and fruits, and 
non vegetarian foods shows an increase, there has been a decline in the 
shares of sugar for urban and rural households and in other foods for 
rural households. The share of nonfood expenditure has remained the same 
for rural and urban households for the past two rounds. The trend 
towards a declining share of food grains is an indication of greater 
availability of other forms of foods that provide more protein and other 
minerals other than energy. 
Table 5.3. Consumer expenditure as a percentage of total expenditure by broad groups— 




1965-66 1972-73 1977-78 1982-83 1965-66 1972-73 1977-78 1982-83 
Cereals and Cereal 
Substitutes 44.74 41.11 33.12 32.48 24.76 23.88 20.55 19.49 
Pulses 5.64 4.84 4.24 3.78 3.84 3.72 3.81 3.41 
Food Grains 50.38 45.95 37.36 36.26 28.60 27.60 24.36 22.90 
Milk Products 6.21 7.29 7.68 7.51 8.46 9.33 9.52 9.24 
Oils and Fats 3.16 3.51 3.52 4.03 4.11 4.84 4.64 4.84 
Vegetables & Fruits 4.03 4.62 4.82 6.10 6.50 6.38 6.35 7.09 
Meat, Eggs, Fish 2.07 2.46 2.63 3.02 3.07 3.27 3.46 3.67 
Sugar 2.48 3.62 2.60 2.81 2.71 3.60 2.64 2.46 
Other Food 5.31 5.21 5.45 5.82 10.64 9.88 8.64 8.97 
Nonfood Grains 23.26 26.86 27.50 33.10 35.49 36.89 35.62 36.22 
Nonfood 26.36 27.19 35.14 34.42 35.91 35.51 40.02 40.88 
^Calculated from National Sample Survey Report on rounds 20, 27, 32, and 38. 
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The sources of calories consumed by commodity groups and expenditure 
classes are given for rural and urban regions in 1977-78 in Table 5.4 and 
Table 5.5. The contribution of food grains to calorie intake is about 
80.10 percent for rural households ranging from 86.40 percent to 80.10 
percent between the lowest and highest expenditure classes. Rice and 
coarse grains form a major source of calorie intake for the low expendi­
ture classes showing a decline in their contribution with expenditure 
class. For the high expenditure classes, a major part of the calories is 
also derived from wheat consumption. The calorie intake from pulse also 
increases with expenditure classes. The above pattern is an indication 
that coarse grains and pulses could be used as target commodities to 
increase the intake of calories and protein of poor households. However, 
it should be noted that the high contribution of coarse cereals to energy 
intake in low expenditure classes is largely due to the consumption of 
home grown cereals by subsistence farmers and in-kind payment of these 
cereals to landless agricultural laborers. Thus, supply side 
intervention in increasing the yields of these coarse grains may improve 
household intake of calories among these household groups. 
The pattern of contribution to calories from food grains shows a 
similar picture for urban households though lower in each category than 
rural households. The food grains form the source for about 78.56 
percent of calorie intake for urban households with a range of 82.80 
percent to 75.10 percent between the lowest and the highest expenditure 
classes. The calorie contribution of nonfood grain foods decreases with 
the expenditure class for both rural and urban households and is lower 
Table 5.4. Sources of calories consumed by commodity groups and expenditure classes—rural 1977-78® 
(percent) 
Coimodlty Expenditure Class 
Group 1 2 3 4 5 6 7 8 9 10 Classes 
Rice 41.15 40. 16 38.32 36. 41 35. 64 34. 12 33. 14 32. 42 30. 02 31. 12 35. 25 
Wheat 10.17 11. 42 13.32 14. 18 18. 82 18. 90 21. 12 23. 22 20. 13 21. 12 17. 24 
Coarse Grains 34.18 33. 23 30.14 28. 31 25. 22 20. 12 21. 22 20. 32 22. 18 24. 14 25. 81 
Pulses 0.90 1. 01 1.32 1. 48 1. 62 1. 72 1. 88 2. 14 2. 10 2. 82 1. 70 
Food Grains 86.40 85. 82 83.10 80. 38 81. 30 74. 86 77. 36 78. 10 74. 38 79. 20 80. 10 
Milk Products 0.68 0. 72 0.82 0. 92 1. 00 1. 10 1. 30 1. 80 2. 10 3. 20 1. 36 
Oils & Fats 2.00 2. 18 2.16 2. 32 2. 82 3. 11 3. 23 3. 48 4. 10 4. 80 3, 03 
Vegetables & Fruits 1.86 1. 99 1.92 1. 88 1. 75 1. 64 1. 87 1. 68 1. 70 1. 73 1. ,80 
Meat, Eggs, Fish 0.20 0. 28 0.34 0. 41 0. 45 0. 48 0. 43 0. 34 0. 26 0. ,21 0. ,34 
Sugar 4.60 4. 78 4.92 5. 08 5. 58 5. 92 6. 32 6. 38 6. 42 6. ,46 5. .65 
Other Foods 4.26 4. 23 6.74 9. ,01 7. ,10 12. ,89 9. ,49 8, ,22 10. 98 4. .40 7. 73 
Nonfood Grains 13.60 14. ,18 16.90 19. .62 18. .70 25. ,14 22. ,64 21. 90 25. 62 20. 80 19, .91 
^Calculated from National Sample Survey Report (1977-78). 
Table 5.5. Sources of calories consumed by commodity groups and expenditure classes—urban 1977-78 
(percent) 
Commoditj- Expenditure Class 
Group 1 2 » 3 4 5 6 7 8 9 10 Classes 
Rice 38. 30 37. 37 35. 81 34. 51 33. 20 31. 00 30. 30 28. 10 26.12 25.20 31.99 
Wheat 14. 12 15. 25 16. 23 16. 82 17. 42 18. 92 18. 45 19. 80 22.23 24.80 18.40 
Coarse Grains 31. 19 27. 09 26. 49 25. 88 26. 31 27. 08 26. 23 25. 73 23.13 20.26 25.94 
Pulses 0. 81 1. 10 1. 23 1. 41 1. 52 2. 62 2. 73 3. 12 4.52 4.84 2.39 
Food Grains 82. 80 80. ,81 79. ,76 78. 62 78. 45 79. 62 77. 71 76. 75 76.00 75.10 78.56 
Milk Products 0. 58 0. ,82 0. .86 0. 96 1. 21 1. 32 2. 48 2. 62 3.23 3.48 1.76 
Oils & Fats 2. 10 2. ,32 2. ,48 2. 66 3. 42 3. 17 3. 77 3. 92 4.16 5.11 3.31 
Vegetables & Fruits 1. 51 1. .66 1. .82 1. 91 1. 98 1. 90 2. 33 3. 41 3.48 3.60 2.36 
Meat, Eggs, Fish 0. 31 0. ,34 0. ,38 0. 32 0. 42 0. 45 0. 48 0. 46 0.52 0.58 0.43 
Sugar 4. ,88 4, .98 5, .32 5. ,68 5. 72 6. ,42 7. 12 7, ,77 7.21 7.33 6.24 
Other Foods 7. ,82 9, .07 9, .38 9. ,85 8. ,80 7. ,12 6. 11 5. ,07 5.40 4.80 7.34 
Nonfood Grains 17, .20 19 .19 20 .24 21. 38 21. ,55 20. ,38 22. ,29 23. ,25 24.00 24.90 21.44 
^Calculated from National Sample Survey Report (1977-78). 
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for rural households than urban households for most of the expenditure 
classes. Among nonfood grain foods a major contribution comes from sugar 
and "other foods." For the rural households, milk products, oils and 
fats, meat, sugar and other foods provide more calories as expenditure 
increases while the contribution of vegetables and fruits declines. The 
urban households show a similar pattern, except that more calories came 
from vegetables and fruits and fewer calories from other foods as 
expenditures increase. 
A Comparison of the Linear Expenditure System 
and the Almost Ideal Demand System Estimates 
The linear expenditure system (LES) and its extensions are by far 
the most widely used system of demand equations for empirical analysis in 
developing countries (see Table 2.1). After the publication of Deaton 
and Muellbauer's (1980a) almost ideal demand system, the interest has 
largely been concentrated on utilizing this model for its simplicity and 
computational ease. This has been the case in most of the developed 
country studies, while the researchers in developing countries have 
continued to use the variants of LES. A notable exception is Ray (1980) 
who for India used a four equation AID system with NSS data. In this 
section a comparison of the parameter estimates of LES and LA/AIDS is 
presented as û basis for choosing one of these models for further 
analysis. The aggregate expenditure data for both rural and urban 
regions of India were used for this purpose. 
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The parameter estimates along with the corresponding asymptotic 
t-statistics of the linear expenditure system for rural and urban India 
are given in Table 5.6. The parameters are significant in most cases 
with few exceptions for rural and urban regions. For the nonfood groups 
the "C" parameters are negative and for these groups the interpretation 
of this parameter as "committed" quantity does not hold. However, a 
negative "C" value for these commodity groups is not inconsistent with 
the theory. Tables 5.7 and 5.8 present the parameter estimates and the 
corresponding t-statistics for the LA/AIDS model for aggregate rural and 
aggregate urban consumers, respectively. For the rural sector, out of 
eighty parameters, twenty-one have t-values exceeding 2, and twenty-seven 
parameters have t-values between 1 and 2. For the urban sector, out of 
eighty parameters, sixteen have t-values exceeding 2, and thirty-seven 
parameters have t-values between 1 and 2. 
The determination of the usefulness of demand system models are in 
general based on the predictive ability of the models for a new body of 
data. In the absence of such data, a comparison of the models can be 
made on the basis of ability to fit the samples. A measure of fit of the 
models can be obtained by examining the proportion of total variation in 
the expenditure on each good (share in AIDS) about its mean that is not 
explained by the model (Parks, 1969). This measure is given by (1-R^). 
These values are given in Table 5.9 for LES and LA/AIDS for rural and 
urban aggregate data. On the whole for both rural and urban data the 
LA/AIDS model seems to show better performance. It shows smaller 
Table 5.6. Parameter Estimates of the linear expenditure system 
Rural Urban 
Commodity Group b c b c 
Food grains 0.240 5.150 0.82 0.18 3.781 0.81 
(9.07)* (18.93) (7.31) (13.74) 































































^Asymptotic t-statistics in parentheses. 
Table 5.7. Unrestricted parameter estimates of LA/AIDS - rural 
Parameters 
Commodity 
Group "i ^i "^il ^i2 ^i3 ^i4 ^i5 ^i6 ^i7 ^i8 
Food grains 0.585 -0.053 0.265 -0.153 -0.030 -0.024 -0.014 -0.006 0.043 -0.027 0.87 
(2.85)*(-0.75) (3.89) (-2.08) (-0.63) (-1.77) (-0.66) (-0.10) (0.67) (-0.45) 
Milk products 0.149 -0.025 -0.049 0.066 -0.001 0.026 -0.009 -0.007 -0.048 -0.005 0.91 
(2.11) (-1.27) (-2.14) (1.93) (-0.23) (0.82) (-0.96) (-0.17) (-1.28) (-1.33) 
Oils and fats 0.067 -0.014 -0.012 0.005 0.014 0.009 -0.005 -0.012 -0.011 0.005 0.89 
(2.21) (-1.82) (-0.72) (1.23) (1.48) (2.01) (-2.14) (-0.12) (-0.78) (0.92) 
Vegetables & 0.053 0.007 -0.033 -0.010 0.006 -0.001 0.001 0.012 -0.001 0.026 0.92 
fruits (3.42) (1.39) (-1.38) (-1.42) (0.11) (-1.68) (2.18) (1.68) (-0.72) (1.82) 
Meat, fish, 0.052 -0.011 -0.039 0.021 0.015 0.007 0.003 -0.008 -0.012 0.009 0.92 
& eggs (4.11) (-2.88) (0.23) (1.72) (0.42) (2.13) (1.82) (-0.64) (-1.48) (1.73) 
Sugar 0.054 -0.008 -0.007 0.014 -0.003 0.001 0.017 -0.010 -0.008 -0.004 0.96 
(2.82) (-3.45) (-0.42) (1.52) (-0.21) (2.34) (1.62) (-2.10) (-1.42) (-1.96) 
Other food 0.141 -0.010 -0.091 0.058 0.082 0.021 0.015 -0.026 -0.102 0.011 0.98 
(2.32) (-1.02) (-2.11) (2.34) (0.32) (0.48) (0.52) (-0.82) (-2.01) (1.21) 
Nonfood -0.013 0.061 0.002 0.015 -0.014 -0.010 -0.005 0.032 0.045 -0.035 0.97 
(-3.78) (0.38) (2.82) (3.12) (-0.12) (0.14) (-0.12) (1.10) (0.32) (-2.82) 
®Asympototic t-statistics in parentheses. 
Table 5.8. Unrestricted parameter estimates of LA/AIDS - urban 
Parameters 
Commodity ^ 
Group "i ^i ^il ^i2 ^i3 ^i4 ^i5 ^i6 ^i7 ^i8 % 
Food grains 0.737 -0.152 0.014 -0.030 -0.050 -0.024 -0.012 -0.004 0.097 0.56 0.89 
(3.52) (-1.78) (0.18) (0.37) (-1.11) (-0.83) (-0.26) (-0.27) (0.82) (0.37) 
Milk products 0.018 0.026 -0.042 0.054 -0.008 0.045 -0.002 -0.001 -0.060 0.004 0.92 
(3.67) (0.79) (-1.40) (1.66) (-0.47) (2.50) (0.11) (-1.31) (-2.32) (2.81) 
Oils and fats 0.059 -0.008 0.014 -0.020 0.010 0.006 -0.016 -0.004 0.005 -0.022 0.94 
(1.64) (-0.66) (1.27) (1.67) (1.66) (1.50) (-1.45) (-1.38) (0.87) (-0.68) 
Vegetables & -0.052 -0.003 -0.011 0.006 -0.007 0.006 -0.007 -0.008 0.004 0.006 0.92 
fruits (1.78) (-1.12) (-1.00) (1.12) (-2.10) (1.42) (-1.32) (-1.21) (0.34) (2.03) 
Meat, fish, 0.039 -0.002 -0.031 0.016 0.015 0.007 0.012 -0.003 -0.023 0.038 0.96 
& eggs (0.79) (-0.125)(-2.21) (2.27) (3.21) (0.15) (0.16) (-1.64) (-0.42) (0.58) 
Sugar 0.088 -0.017 0.010 -0.001 -0.017 -0.004 0.005 -0.015 0.030 -0.036 0.95 
(2.48) (-1.55) (1.21) (-1.23) (-2.36) (-0.27) (0.27) (-1.93) (1.32) (-0.31) 
Other food 0.509 -0.109 -0.081 0.094 0.070 0.004 -0.009 -0.026 -0.135 -0.155 0.97 
(2.14) (-1.45) (-0.17) (1.25) (1.75) (1.20) (-1.21) (-1.72) (-1.62) (-0.92) 
Nonfood -0.314 0.182 0.096 -0.124 -0.052 -0.053 -0.042 0.061 0.114 0.158 0.97 
(-1.147) (2.25) (2.47) (-1.43) (-1.21) (-2.12) (-1.87) (2.01) (0.12) (0.15) 
^Asymptotic t-statistics in parentheses. 
Table 5.9. Comparison of LES and LA/AIDS on the basis of fit to the sample data® 
Rural Urban 
Commodity Group LES LA/AIDS LES LA/AIDS 
Food grains 0.18 0.13 0.19 0.11 
Milk products 0.14 0.09 0.20 0.07 
Oils and fats 0.16 0.11 0.18 0.06 
Vegetables & fruits 0.12 0.08 0.14 0.08 





Sugar 0.08 0.04 0.09 0.05 
Other food 0.09 0.02 0.07 0.03 
Nonfood 0.18 0.03 0.08 0.03 
®An the equations have high values. The differences among the models 
are more apparent from the values of (1-R^). 
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unexplained variation than the LES model for all commodities. However, 
it should be noted that this procedure of comparison is not invariant to 
the number of parameters estimated in each model. 
Expenditure elasticities 
Table 5.10 lists the total expenditure elasticities of the LES and 
LA/AIDS calculated at the sample average, for aggregate data separately 
for rural and urban India. A comparison of the elasticities for the 
rural sector show that while milk products and meat, egg and fish are 
luxuries in LES, they are necessities in LA/AIDS model. Other 
elasticities are fairly comparable in these models. 
For the urban sector, also, the LES elasticities are in general 
higher than that of LA/AIDS. The milk products and nonvegetarian items 
are luxuries in LES while necessities in LA/AIDS. For both models in 
rural and urban regions the expenditure elasticities of nonfoods are 
greater than one with higher estimates for LA/AIDS. There are greater 
differences between models' elasticities in urban sectors than rural 
sectors. While it is not very clear which one of these elasticities are 
better estimates, Ray (1980) argued for the AIDS model on the basis that 
since in NSS time series data the item-wise expenditures and total 
expenditure data are highly correlated, the earlier studies which used 
LES calculated elasticities less accurately. Other studies have also 
argued that LA/AIDS provides a more reliable estimates of expenditure and 
price elasticities (Blanciforti and Green, 1983). 
Table 5.10. Estimates of expenditure elasticities for LES and LA/AIDS - rural 
and urban 
Rural Urban 
Commodity Group LES LA/AIDS LES LA/AIDS 
Food grains 0.58 0.87 0.48 0.36 
Milk products 1.56 0.68 1.22 1.26 
Oils and fats 0.93 0.56 0.43 0.31 
Vegetables & fruits 0.82 0.73 0.62 0.42 
Meat, fish, & eggs 1.70 0.89 1.19 0.94 
Sugar 0.88 0.72 0.65 0.41 
Other food 1.04 0.92 0.82 0.42 
Nonfood 1.37 1.44 1.40 1.72 
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Tests of Theoretical Restrictions 
The results of testing the restrictions of demand theory, namely the 
homogeneity and symmetry, are presented in this section using aggregate 
expenditure class data for rural and urban regions. The assumption of 
weak separability, on which the two-stage budgeting procedure followed in 
this study is based, is also tested for its validity. 
Tests of homogeneity 
The homogeneity restriction can be tested for each equation in a 
system using F test statistics. However, this does not guarantee that 
the whole system of equations satisfy homogeneity restrictions (Deaton, 
1986 and Mergos and Donates, 1988). Thus, for the present study the 
homogeneity is tested for the system of equations. To start with, the 
expenditure on food grains, nonfood grains and nonfood were assumed to be 
weakly separable from each other. To test homogeneity at the first stage 
three aggregate expenditure shares, namely, food grains, nonfood grains 
and nonfood were estimated using LA/AIDS formulation with and without 
homogeneity restrictions. At the second stage the share equations of 
rice, wheat, coarse grains and pulses were used as a system, and share 
equations of six nonfood grain foods were used as another system. The 
results of the homogeneity tests using log likelihood values are reported 
in Table 5.11. The chi-square values of different LA/AIDS models were 
obtained by taking twice the difference between log likelihood values 
of restricted and unrestricted models. For the first stage, the 
homogeneity can not be rejected both for rural and urban areas. 
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food grains rural 4.21 (2)b 5.99 9.21 / 
nonfood grains 
and nonfoods urban 5.82 (2) 5.99 9.21 v/ 
Stage II 
Food grains rural 8.24 (3) 7.82 11.34 -
urban 5.54 (3) 7.82 ,11.34 v/ 
Nonfood grains rural 12.80 (5) 11.07 15.08 -
urban 10.46 (5) 11.07 15.08 y 
®x/, X, and - ,  respectively, indicate accepted at both levels, 
rejected at both levels and accepted at 0.01 level but rejected at 0,05 
level.  
'^Degrees of freedom in parentheses. 
In the second stage the homogeneity of food grains system can be accepted 
only marginally for rural households, while it is accepted for urban 
households. The results of the nonfood grains system also shows that the 
homogeneity is accepted at both significance levels for the urban sector 
and accepted only at 0.01 level for the rural sector. These results are 
consistent with an earlier study (Ray, 1980) which used the time series NSS 
data to test homogeneity of nine individual equations for rural and urban 
households with F test. Ray (1980) also could not reject homogeneity in 
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all the equations in a four equation system (food, clothing, fuel and 
lighting, and other nonfood) for both rural and urban sectors. 
Tests of symmetry 
Tests of symmetry restrictions more often pass than tests of the 
homogeneity restrictions in the literature (Deaton and Muellbauer, 1980b). 
However, if homogeneity does not hold, it is impossible to know whether 
one should expect symmetry to hold (Deaton and Muellbauer, 1980a). Thus, 
for the present study, homogeneity is imposed before testing for symmetry 
restrictions. Also, imposing symmetry restrictions automatically imposes 
homogeneity in LA/AIDS formulation (McKenzie and Thomas, 1984). 
Consequently, the unrestricted model for testing symmetry had the 
homogeneity restrictions already imposed. The log likelihood values of 
restricted and unrestricted systems were used for testing symmetry. The 
chi-square values calculated as twice the difference between log 
likelihood values of restricted and unrestricted models are given in Table 
5.12. 
In the first stage symmetry is decisively rejected for urban 
households, while accepted only at 0.01 level for rural households. For 
the second stage, the symmetry is rejected marginally in the food grains 
system for rural households and accepted at both levels for urban 
households. For the nonfood grains systems symmetry was accepted for the 
rural while rejected for the urban sector. The rejections of symmetry for 
the urban regions are consistent with another Indian study (Ray, 1980) 
which used a four equation system to test symmetry. However, as Deaton 
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food grains rural 5.71 (l)b 3.84 6.64 _ 
nonfood grains 
and nonfoods urban 8.96 (1) 3.84 6.64 X 
Stage II 
Food grains rural 11.87 (3) 7.82 11.34 X 
urban 6.38 (3) 7.82 11.34 y/ 
Nonfood grains rural 16.72 (10) 18.31 23.21 y 
urban 42.42 (10) 18.31 23.21 X 
V, X, and -, respectively, indicate accepted at both levels, 
rejected at both levels and accepted at 0.01 level but rejected at 0.05 
level. 
^Degrees of freedom in parentheses. 
(1974) pointed out, the use of a testing distribution like chi-square, 
which is only asymptotically valid, means that the above results could be 
heavily biased towards rejection. This view is supported by results of 
Laitinen (1978) and Anderson and Blundell (1983). 
To compensate for this overrejection in small samples, Pudney (1981) 
has suggested the following degrees of freedom adjustment. 
S* = S + n T log [(nT - P^)/(nT - P^)] 
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where S* is the adjusted likelihood ratio statistic, S is the unadjusted 
likelihood ratio statistic, n is the number of equations, T is the number 
of observations, is the number of parameters before the symmetry 
restrictions are imposed, and Pg is the number of parameters after the 
symmetry restrictions have been imposed. When this small sample 
adjustment was made, symmetry of food grains, nonfood grains and nonfoods 
equations was accepted at 0.01 level (5.82). The symmetry of food grains 
equations for rural was also accepted at 0.01 level (10.26), while that of 
nonfood grains equations for urban was rejected even after this small 
sample adjustment (29.80). 
Tests of weak separability 
Separability assumptions are made in empirical demand system analysis 
for two major reasons: to reduce the number of parameters to be estimated 
when the number of observations are small and to study in detail a demand 
relationship between a small group of commodities under the conditions of 
two-stage budgeting. For the present study the two-stage budgeting is 
used based on the assumption of weak separability between food grains, 
nonfood grains and nonfoods. This allows for the estimation of demand for 
food grains as a group and nonfood grains as another. However, before 
implemented, such a procedure should be validated by the data. 
The weak separability of food grains, nonfood grains and nonfoods 
from each other was tested using the concept of quasi-separability of the 
cost function with the LA/AIDS model for both rural and urban regions. 
The parameter restrictions that were used for separability testing are 
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Table 5.13. Tests of weak separability 
Critical Value of 
Expenditure Groups (0.05) (0.01) Conclusion^ 
Rural 
Food grains and 10.23 (4)^ 9.49 13.28 
nonfood grains 
Food grains and 8.83 (4) 9.49 13.28 ^ 
nonfoods 
Nonfood grains 15.03 (6) 12.59 16.81 
and nonfoods 
Urban 
Food grains and 10.81 (4) 9.49 13.28 
nonfood grains 
Food grains and 7.40 (4) 9.49 13.28 
nonfoods 
Nonfood grains 13.88 (6) 12.59 16.81 
and nonfoods 
X, and -, respectively, indicate accepted at both levels, 
rejected at both levels and accepted at 0.01 level but rejected at 0.05 
level. 
^Degrees of freedom in parentheses. 
explained in Chapter IV. The chi-square values calculated as twice the 
difference in the likelihood values between unrestricted and restricted 
models are present in Table 5.13. The results have similar patterns for 
both rural and urban households. The separability between food grains and 
nonfood grains was accepted at 0.01 level. The separability of food 
grains from nonfoods was accepted at both levels for both rural and urban 
households. The separability between nonfood grains and nonfoods could 
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only be accepted at 0.01 level for rural and urban regions. The 
homogeneity and symmetry restrictions were imposed in the subsequent 
analysis along with the two stage budgeting procedure to estimate the 
demand systems for ten different classes of consumers in rural and urban 
regions. 
Analysis of Food Demand Among Expenditure Classes 
The results of demand system analysis for the ten rural household 
expenditure groups are presented in this section. The own-price, cross-
price, and expenditure elasticities calculated, based on the parameter 
estimates from LA/AIDS model for first stage and second stage estimations, 
are discussed for each expenditure class. The parameter estimates for the 
rural expenditure classes are given in Appendix Tables A.4 to A.13. While 
the parameter estimates provided by LA/AIDS are indications of the 
direction and magnitude of the changes in the budget share due to changes 
in prices and expenditure, they are not of much value in policy 
experiments. Also, as Deaton and Muellbauer (1980a, p. 314) suggested, 
the parameters (T^j) values must be multiplied by 100 before attempting 
the interpretations relating to changes in budget shares. For these 
reasons the tables of parameter estimates are given in the Appendix. The 
Marshallian (uncompensated) elasticities are reported as they are most 
commonly used for policy analyses (Yen and Roe, 1989). Further, these 
uncompensated elasticities, as in the present study, form the basis for 
calculations of nutritional elasticities (Timmer and Alderman, 1979; Pitt, 
1983; and Radhakrishna, 1984). 
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Rural expenditure class 1 
The price and total expenditure elasticities of individual food 
commodities for the lowest rural expenditure class (class 1) are reported 
in Table 5.14. The row labels denote individual commodities, and the 
corresponding prices and total expenditures are denoted as column labels. 
All the expenditure elasticities have positive signs indicating the 
existence of no inferior goods. Among food grains, wheat and pulses 
exhibit an expenditure elasticity greater than unity indicating that they 
are luxuries, while rice and coarse cereals are normal goods. All the 
nonfood grain foods and nonfoods are luxuries for this expenditure class 
with an expenditure elasticity of 2.16 for milk. The own price 
elasticities for all the commodities have proper signs. The demand for 
rice, coarse grains, and pulses is highly responsive to their own prices 
suggesting that these are possible candidates for price subsidies if their 
intake has to be increased among these households. The demand for wheat 
responds poorly to its own price for these households. This could be due 
to the fact that since these low income households are traditionally 
coarse grain eaters their acceptance for wheat could be low in terms of 
taste compared to rice, even in regions where wheat is also a major staple 
food. Also, wheat is one of the heavily subsidized food commodities for 
the rural poor in India, starting with wheat imports from the United 
States in the mid-sixties (George, 1988), and this could be one of the 
reasons for poor intake calories from wheat among these expenditure 
classes (Table 5.3). Among non food grain foods, all the food items have 
own price elasticities of less than unity except nonvegetarian foods 
Table 5.14. Estimates of price and expenditure elasticities - rural expenditure class 1 
Prices of 
Rice Wheat CG Pulses Milk Oils V NV Sugar OF NF X* 
Rice -0.772 0.912 0.121 -0.123 -0.727 -0.468 -0.081 -0.915 -0.108 -0.195 -0.172 0.767 
Wheat 0.001 -0.051 0.015 -0.071 -0.012 -0.210 -0.171 -0.072 -0.151 -0.581 -0.212 1.231 
Coarse Grains 
(CG) 
0.412 -0.013 -0.661 0.111 0.081 0.022 -0.123 0.027 0.061 0.072 -0.141 0.532 
Pulses -0.111 0.124 0.012 -0.718 0.222 -0.067 0.121 0.512 0.017 0.091 -0.117 1.044 
Milk -0.072 -0.152 -0.021 -0.029 -0.421 -0.061 0.071 0.712 -0.141 -0.018 -0.162 2.126 
Oils 0.123 -0.612 -0.131 -0.184 -0.015 -0.010 0.012 -0.412 -0.217 -0.001 0.216 1.312 
Vegetables (V) -0.012 -0.091 0.010 0.005 -0.182 -0.073 -0.672 0.217 0.152 -0.371 -0.311 1.214 
Nonvegetarian 
food (NV) 
0.001 0.042 -0.132 -0.121 0.091 -0.012 0.210 -1.120 -0.712 -0.145 -0.122 1.727 
Sugar -0.012 -0.141 0.090 0.124 0.092 -0.071 0.012 0.031 -0.712 0.131 -0.111 1.028 
Other foods 
(OF) 
0.035 -0.072 -0.017 -0.163 -0.021 0.013 0.001 -0.217 0.015 -0.932 0.012 1.322 
Nonfoods (NF) 
-0.312 0.012 -0.414 -0.112 -0.012 0.001 0.021 0.012 0.133 0.121 -1.212 1.723 
denotes expenditure. 
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with proper signs. The demand for milk, vegetables, sugar, and other 
foods taken outside the home is also responsive to their own prices. 
Among food grains there exists substitutability between rice, wheat, and 
coarse grains, while rice and pulses are complementary goods. This is 
consistent with the food intake patterns of lower expenditure classes 
observed in earlier studies (Shah, 1983). The cross price elasticities in 
general are insignificant (less than 0.25) with few exceptions, such as, 
an increase in wheat prices increases the demand for rice almost 
proportionally. Price increases in rice and coarse grains reduce the 
demand for nonfood commodities. Also, increases in nonvegetarian food 
prices increase demand for milk. The low cross price elasticities, 
however, are consistent with similar studies from Sri Lanka (Sahn, 1988) 
and Pakistan (Alderman, 1988) for the lower expenditure classes. 
Rural expenditure class 2 
Table 5.15 presents the price and total expenditure elasticities of 
individual food commodities for the rural expenditure class 2 with an 
expenditure level between Rs 15 and Rs 30. The expenditure elasticities 
have positive signs and are greater than unity for wheat and pulses among 
food grains for all nonfood grain foods and nonfood commodities. However, 
compared to the expenditure class 1, there is in general a decline in the 
expenditure elasticities except for oil and coarse grains. Own price 
elasticities of food grains have negative signs with the demands of 
rice, coarse grains, and pulses more responsive to their price than 
Table 5.15. Estimates of price and expenditure elasticities - rural expenditure class 2 
Prices of 
Rice Wheat CG Pul ses Milk Oils V NV Sugar OF NF 
Rice -0.832 1.079 0.012 -0. 157 -0.868 -0.586 -0.088 -0.914 -0. 107 -0. 295 -0.012 0. 721 
Wheat 0.003 -0.063 0.014 -0. 084 -0.192 -0.218 -0.181 -0.083 -0. 155 -0. 516 -0.312 1. 202 
Coarse Grains 0.043 0.013 -0.672 0. 123 0.021 0.0J2 -0.013 0.017 0. 065 0. 087 
CS
J o
 1 0. 633 (CG) 
Pulses -0.175 0.348 0.022 -0. 512 0.344 -0.094 0.297 0.511 0. 072 0. 093 -0.121 1. 083 
Milk -0.088 -0.151 -0.021 -0. 030 -0.246 -0.070 0.069 0.507 -0. 131 -0. 028 -0.111 2. 107 
Oils 0.131 -0.624 -0.121 -0. 183 -0.045 -0.009 0.009 -0.381 -0. 264 -0. 095 -0.016 1. 428 
Vegetables (V) -0.032 0.099 0.010 0. 005 -0.280 -0.082 -0.599 0.310 0. 144 -0. 336 -0.217 1. 116 
Nonvegetarian 0.002 0.044 -0.121 -0. 114 0.057 -0.082 -0.261 -0.967 -0. 264 -0. ,150 -0.216 1. 635 
food (NV) 
Sugar -0.003 -0.061 0.101 0. 116 0.019 0.069 0.088 0.047 -0. 641 0. .144 -0.121 1. ,010 
Other foods 0.046 -0.061 -0.161 -0. 174 -0.020 0.002 0.016 -0.265 0. 146 -0, .963 -0.013 1. ,210 
(OF) 
Nonfoods (NF) 
-0.271 0.011 -0.312 -0. .121 -0.001 0.071 0.031 -0.032 -0. 112 0 .122 -2.171 1, .213 
denotes expenditure. 
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wheat. The own price elasticity of rice has increased compared to 
expenditure class 1 while that of pulses has declined. The own price 
elasticities of nonfood grain foods also have negative signs. Out of 110 
cross price elasticities, only 18 of them were greater than 0.25 in 
absolute value indicating once again the low levels of price interactions 
between food commodities among low expenditure classes. 
Rural expenditure class 3 
The price and expenditure elasticities for individual food 
commodities for the rural expenditure class 3 is given in Table 5.16. The 
expenditure elasticities show a similar pattern for all the commodities to 
that of expenditure classes 1 and 2. While all of them have proper signs, 
there is an increase in expenditure elasticities of milk, oils, and sugar 
compared to that of class 2. The own price elasticities of all 
commodities have negative signs. The demand for rice and coarse grains 
are less responsive compared to class 2. Once again, most of the cross 
price elasticities are low. Out of 110 cross price elasticities only 21 
are greater than 0.25 in absolute values. 
Rural expenditure class 4 
Table 5.17 presents the demand elasticities for rural expenditure 
class 4. Among food grains only pulses are luxuries and vegetables and 
nonvegetarian foods have become necessities in this class. The own price 
elasticities of rice and pulses have decreased compared to class 3, while 
the demand for wheat and coarse grains are more responsive to their own 
Table 5.16. Estimates of price and expenditure elasticities - rural expenditure class 3 
Prices of 
Rice Wheat CG Pul ses Milk Oils V NV Sugar OF NF x' 
Rice -0. 721 1.121 0.021 -0. 051 -0.712 -0.021 -0.012 -0.712 0. 107 0.237 -0. 121 0. 691 
Wheat 0. 962 -0.078 0.015 -0. 064 -0.181 0.211 -0.121 -0.091 -0. 162 -0.321 -0. 312 1. 159 
Coarse Grains 0. 051 0.032 -0.062 0. 123 0.032 0.021 -0.013 0.062 0. 071 0.072 -0. 152 0. 516 
(CG) 
Pulses -0. 186 0.311 0.013 -0. 632 0.372 -0.121 0.247 0.621 0. 012 0.017 -0. 217 1. 023 
Milk -0. 077 -0.142 -0.001 -0. 027 -0.182 0.001 0.013 0.567 -0. 110 -0.018 -0. 167 2. 231 
Oils 0. 217 -0.712 -0.123 -0. 231 -0.128 -0.012 0.071 -0.313 -0. 318 -0.015 0. 116 1. 527 
Vegetables (V) -0. 014 0.010 0.017 0. 001 -0.111 -0.071 -0.871 0.300 0. 091 -0.271 -0. 012 1. 002 
Nonvegetarian 0. 012 0.045 -0.131 0. 162 0.832 -0.076 -0.212 -0.812 -0. 172 -0.153 -0. ,001 1. 431 
food (NV) 
Sugar -0. 121 -0.241 0.121 0. ,271 0.411 0.052 0.071 0.023 -0. ,512 0.122 -0, ,101 1. ,233 
Other foods 0. ,013 -0.072 -0.172 -0. ,271 0.428 0.001 -0.017 -0.217 0. 127 -1.102 -0, ,031 1. ,100 
(OF) 
Nonfoods (NF) -0, .212 0.032 -0.313 -0, .117 -0.013 0.002 -0.031 -0.031 0. 141 0.181 -1, .313 1, .931 
denotes expenditure. 
Table 5.17. Estimates of price and expenditure elasticities - rural expenditure class 4 
Prices of 
Rice Wheat CG Pulses Milk Oi Is V NV Sugar OF NF X* 
Rice -0. 621 0. 921 0.014 -0.052 -0.612 -0. Oil -0. ,271 -0.817 0.217 0.272 -0.012 0.612 
Wheat 0. 864 -0. 212 0.171 -0.074 -0.172 0. 272 -0. ,182 -0.121 -0.217 -0.328 -0.071 0.981 
Coarse Grains 0. 021 0. 213 -0.712 0.213 0.121 0. 271 -0. .071 0.073 0.082 0.021 0.062 0.713 
(C6) 
Pulses -0. ,171 0. 321 0.014 -0.512 0.412 -0. 271 0, .271 0.632 0.121 0.011 0.052 1.108 
Milk -0, 012 -0. 241 -0.001 -0.017 -0.104 0. 004 0 .313 0.349 0.004 -0.042 -0.053 1.871 
Oils 0. .271 -0. 721 -0.131 -0.252 0.208 -0. ,526 0 .307 0.312 -0.126 -0.322 0.053 1.218 
Vegetables (V) -0. ,013 0. 001 0.027 0.013 0.123 0. 412 -0 .611 0.623 0.101 0.214 -0.271 0.937 
Nonvegetarian 0, .037 0. .065 -0.374 0.271 0.833 0. ,580 0 .712 -0.715 0.118 -0.242 -0.196 0.986 
food (NV) 
Sugar -0.147 -0.312 0.327 0.281 0.469-0,071 0.011 0.039 -0.439 -0.298 0.218 1.272 
Other foods 0.012 -0.127 -0.182 -0.381 0.424 0.586 0.213 0.150 0.109 -1.178 -0.078 1.024 
(OF) 
Nonfoods (NF) -0.059 0.012 0.076 -0.019 -0.032 0.012 -0.041 -0.011 0.121 0.187 -1.412 1.872 
denotes expenditure. 
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prices. The expenditure elasticity of milk, oil, vegetables, 
nonvegetarian foods and nonfoods have declined slightly. The number of 
cross price elasticities that are greater than 0.25 have increased to 35, 
showing an increased interaction between demands for commodities in this 
expenditure class. 
Rural expenditure class 5 
The elasticities of this class could be considered equivalent to the 
aggregate rural expenditure class for India since the expenditure shares 
of this class are closer to the shares of the aggregate class and hence 
could be used to compare the results with other Indian studies. The 
estimates of price and expenditure elasticities for this class are given 
in Table 5.18. The own price elasticities and expenditure elasticities 
compare favorably with that of Ray (1980). The own price elasticities of 
rice and coarse grain shows a lesser response compared to class 4 while 
there is an increased response for wheat and pulses for their prices. 
This indicates that this expenditure class is the pivotal for the change 
from higher price response of rice and coarse grains to a higher price 
response to wheat demand. The expenditure elasticities show a similar 
pattern to that of class 4 in magnitudes while the other food category has 
become a necessity in class 5. The expenditure elasticity of coarse 
grains shows a higher response than class 4, which may be due to the use 
of barley, sorghum, and ragi in states like Punjab, Madhya, and Pradesh, 
respectively for middle expenditure classes. The cross price elasticities 
are greater than 0.25 up to 41 percent of the cases. 
Table 5.18. Estimates of price and expenditure elasticities - rural expenditure class 5 
Prices of 
Rice Wheat CG Pulses Milk Oils V NV Sugar OF NF X* 
Rice -0.583 0.627 0.072 -0.153 -0.713 -0.017 -0.282 -0.881 0.217 0.312 -0.121 0.534 
Wheat 0.714 -0.371 0.275 -0.174 -0.276 0.317 -0.232 -0.276 -0.313 -0.422 0.022 0.872 
Coarse Grains 
(CG) 
0.012 0.027 -0.231 0.312 0.271 0.323 -0.172 0.091 0.073 0.041 -0.001 0.887 
Pulses -0.151 0.412 0.251 -0.627 0.512 -0.288 0.373 0.712 0.232 0.127 0.076 1.023 
Milk -0.311 -0.271 -0.128 -0.167 -0.590 -0.124 0.212 0.203 -0.161 0.113 -0.117 1.876 
Oils 0.377 -0.621 -0.232 -0.312 0.116 -0.604 0.328 0.313 0.215 -0.288 -0.090 1.231 
Vegetables (V) -0.231 0.027 0.031 0.017 0.612 0.311 -0.810 0.125 0.052 -0.103 -0.021 0.831 
Nonvegetari an 
food (NV) 
0.147 0.072 -0.417 0.381 0.631 0.300 0.124 -0.820 0.061 -0.111 -0.028 0.872 
Sugar -0.241 -0.412 0.712 0.372 0.212 -0.055 0.062 0.052 -0.462 -0.468 0.118 1.021 
Other foods 
(OF) 
0.272 -0.177 -0.197 -0.392 -0.362 0.513 -0.120 0.307 0.208 -1.300 0.036 0.964 
Nonfoods (NF) -0.071 0.012 -0.082 0.041 0.012 0.031 0.071 0.062 0.082 0.091 -1.312 1.417 
denotes expenditure. 
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Rural expenditure class 6 
The elasticity estimates presented in Table 5.19 for the rural 
expenditure class 6 favorably compare with the middle expenditure class 
results for Sri Lanka, at least for the food grains (Sahn, 1988). All the 
food grains are necessities for this class. Among nonfood grains, milk, 
oil, and nonfoods show an expenditure elasticity greater than unity. 
There is an increase in the own price demand response for rice, wheat, and 
pulses. The number of cross price elasticities that are significant show 
a slight decline of 40 compared to 45 in class 5. There is a strong 
substitutability between milk and vegetables and between milk and 
nonvegetarian foods. 
Rural expenditure class 7 
Table 5.20 presents the food demand elasticity estimates for rural 
expenditure class 7. All the food grains are necessities while milk and 
nonvegetarian foods are still luxuries for this expenditure class. There 
is an increase in the own price elasticity of rice and wheat while the 
response of pulses and coarse grains have declined compared to class 6. 
All expenditure elasticities for the food grains are lower than the 
previous class indicating less increase in their consumption with the 
expenditure class. About 42 cross price elasticities are significant. 
Among them rice intake shows a complementarity with the intake of 
vegetables and nonvegetables along with pulses. Milk is also compliant to 
vegetables and nonvegetarian food. This is in contrast to the general 
belief that nonvegetarian foods which are the only source of animal 
Table 5.19. Estimates of price and expenditure elasticities - rural expenditure class 6 
Prices of 
Rice Wheat CG Pulses Milk Oils V NV Sugar OF NF X* 
Rice -0.671 0.712 0.077 -0.253 -0.811 -0.072 -0.017 0.041 -0.110 0.342 0.011 0.511 
Wheat 0.815 -0.481 0.312 -0.274 -0.311 0.347 -0.278 -0.271 -0.011 -0.512 0.010 0.912 
Coarse Grains 
(C6) 
0.022 0.028 -0.212 0.414 0.312 0.017 -0.017 0.023 0.078 0.073 -0.001 0.621 
Pulses -0.252 0.444 0.277 -0.762 0.631 -0.321 0.312 0.623 0.312 0.271 -0.012 0.972 
Milk -0.277 -0.312 -0.111 -0.267 -1.012 -0.211 0.271 0.256 -0.273 0.231 0.212 1.621 
Oils -0.060 -0.712 -0.321 -0.172 0.266 -0.251 -0.041 -0.161 0.237 -0.299 -0.113 1.012 
Vegetables (V) -0.333 0.017 0.042 0.071 0.666 0.377 -0.732 -0.112 0.067 -0.212 -0.014 0.921 
Nonvegetari an 
food (NV) 
0.247 0.082 -0.577 0.471 0.722 0.312 0.214 -1.130 -0.071 0.071 -0.012 0.911 
Sugar -0.257 -0.441 0.271 0.388 0.212 -0.066 0.071 0.062 -0.767 -0.412 -0.217 0.732 
Other foods 
(OF) 
0.377 -0.281 -0.291 -0.471 0.012 -0.032 0.071 0.061 -0.321 -1.241 -0.113 0.812 
Nonfoods (NF) 0.017 0.172 -0.001 -0.002 0.112 -0.172 -0.013 -0.002 -0.127 -0.112 -1.717 1.327 
denotes expenditure. 
Table 5.20. Estimates of price and expenditure elasticities - rural expenditure class 7 
Prices of 
Rice Wheat C6 Pulses Milk Oils V NV Sugar OF NF 
Rice -0. 732 0. 722 0. 081 -0. 312 -0.801 -0.012 -0.011 0.024 -0.131 0. 352 0.001 0.471 
Wheat 0. 972 -0. 561 -0. 333 -0. 174 -0.312 0.372 -0.214 0.002 -0.011 -0. 051 0.010 0.812 
Coarse Grains 0. 013 0. 113 -0. 121 0. 512 0.412 0.018 -0.016 0.027 0.088 0. 077 -0.002 0.516 
(CG) 
Pulses -0. 172 0. 512 0. 312 -0. 621 0.312 -0.277 0.412 0.217 0.417 0. 171 -0.071 0.881 
Milk -0. 171 -0. 412 -0. 101 -0. 312 -0.920 -0.312 0.333 0.317 -0.476 0. 321 0.123 1.253 
Oils -0. 273 -0. 317 -0. 121 -0. 312 0.317 -0.261 0.010 0.072 0.042 0. 471 0.171 0.912 
Vegetables (V) -0. 412 -0. 321 0. 043 0. 071 -0.612 0.171 -0.617 0.117 -0.071 0. 006 0.312 0.861 
Nonvegetari an -0. 433 -0. 214 0. ,012 -0. 471 -0.712 0.312 0.012 -1.212 0.271 0. ,327 -0.417 1.127 
food (NV) 
Sugar -0. ,175 0. 117 0. .313 0. ,414 0.112 0.032 0.121 0.082 -0.412 0. .231 0.012 0.562 
Other foods 0. 174 0. ,217 0. ,132 0. .312 0.013 -0.171 0.062 0.012 0.071 -1. .121 0.317 0.761 
(OF) 
Nonfoods (NF) -0. .021 -0, .032 0, .171 -0. .312 0.003 -0.012 0.172 0.133 0.114 -0, .172 -1.627 1.422 
denotes expenditure. 
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protein are substituted by milk for the majority of the vegetarian 
population in India. 
Rural expenditure class 8 
Table 5.21 presents the estimates of food demand elasticities for 
rural expenditure class 8. The expenditure elasticities show that all 
the food commodities are necessities while the nonfood is a luxury for 
this class. The magnitude of the own price response of rice, wheat, and 
pulses have increased. The cross price elasticities are significant for 
27 out of 110 cases. Compared to class 7, the expenditure elasticities 
of rice and wheat have increased while that of nonfood grains show a 
decline. The cross price elasticities of nonfoods and food items are 
very low in most cases, a notable exception being its complementarity 
with nonvegetarian foods. 
Rural expenditure class 9 
Table 5.22 presents the estimates of elasticities for rural 
expenditure class 9. Expenditure elasticities show that all food 
commodities are necessities. Except for wheat, all food grains show an 
increase in the expenditure elasticity compared to class 8. This 
suggests that even at higher expenditure classes the food grain intake 
could be substantially influenced with the income oriented government 
policies. All nonfood grains have high expenditure elasticities except 
nonvegetarian foods. The own price elasticities of wheat and rice show 
high response to their own prices. Unlike the previous classes for which 
Table 5.21. Estimates of price and expenditure elasticities - rural expenditure class 8 
Prices of 
Rice Wheat CG Pul ses Milk Oils V NV Sugar OF NF X® 
Rice -0. 811 0. 710 0.082 -0. 411 -0.911 -0.271 -0.127 0.112 -0.131 0.012 0.003 0. 712 
Wheat 0. 810 -0. 762 -0.271 -0. 164 -0.211 0.277 -0.312 0.007 -0.012 0.112 0.042 0. 911 
Coarse Grains 0. 010 0. 131 -0.110 0. 523 0.371 0.028 -0.017 0.031 0.087 0.121 0.041 0. 323 
(CG) 
Pulses -0. 112 0. 612 0.271 -0. 712 0.217 -0.172 0.411 0.312 0.371 0.117 -0.062 0. 711 
Milk -0. 012 -0. 171 -0.001 -0. 212 -0.871 -0.311 0.371 0.327 -0.512 0.301 0.212 0. 910 
Oils -0. 170 -0. 271 -0.312 -0. 222 0.032 -0.211 0.001 0.032 0.071 0.461 0.101 0. 811 
Vegetables (V) -0. 417 -0. 311 0.014 0. 032 0.011 0.021 -0.717 0.012 0.031 0.044 0.212 0. 761 
Nonvegetarian -0. ,312 -0. 216 0.013 0. 001 0.001 0.021 0.211 -1.107 0.231 0.312 -0.313 0. 927 
food (NV) 
Sugar -0. .217 0. ,017 0.414 0. ,123 -0.111 0.021 0.131 0.017 -0.312 0.012 0.011 0. ,312 
Other foods 0. ,112 0. ,207 0.133 0. ,114 0.012 -0.111 -0.017 0.013 0.021 -0.917 0.271 0. ,712 
(OF) 
Nonfoods (NF) -0. .031 -0. .032 0.172 0, .123 0.012 -0.021 0.013 -0.123 0.171 -0.116 -1.121 1, .213 
denotes expenditure. 
Table 5.22. Estimates of price and expenditure elasticities - rural expenditure class 9 
Prices of 
Rice Wheat CG Pul ses Mi Ik Oils V NV Sugar OF NF X* 
Rice -1.201 1. 051 0.013 0. 364 -1. 212 -0.894 0. 117 -0. 351 0.076 0. 266 0.001 0.812 
Wheat 0.011 -0. 819 0.012 -0. 169 0. 495 0.021 -0. 121 -0. 016 -0.024 -0. 552 0.031 0.861 
Coarse Grains 0.012 -0. 117 -0.121 -0. 101 -0. 212 -0.023 0. 012 0. 013 0.012 0. 017 0.052 0.411 
(CG) 
Pulses -0.122 0. 380 -0.031 -0. 578 0. 118 -0.078 0. 104 -0. 660 0.024 0. 172 -0.071 0.787 
Milk 0.050 -0. 332 0.127 0. 256 -1. 084 -0.106 0. 105 0. 478 0.065 0. 439 0.213 0.861 
Oils -0.067 0. ,064 -0.312 -0. 493 -0. 299 -0.094 0. ,148 -0. 220 0.018 -0. 543 0.100 0.713 
Vegetables (V) -0.067 0. 189 0.001 0. 002 -0. 440 -0.104 -0. ,487 0. 348 0.022 0. 388 0.271 0.731 
Nonvegetarian 0.019 0. ,095 -0.083 -0. 071 0. ,058 -0.060 -0. ,026 -0. 660 -0.019 -0. .390 -0.278 0.301 
food (NV) 
Sugar -0.005 -0. .134 0.157 0. 256 -0. .080 -0.080 -0, .040 0. ,109 -0.071 0. ,382 0.013 0.612 
Other foods 0.162 -0. .334 -0.381 -0. 283 -0. ,154 0.122 0. .078 -0. 410 0.195 -0. ,759 0.371 0.782 
(OF) 
Nonfoods (NF) 
-0.011 -0, .021 0.012 0. .113 0. .021 -0.013 0, .077 0. .081 0.132 -0. .117 -1.313 1.313 
denotes expenditure. 
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the own price elasticity of nonvegetarian foods have been consistently 
greater than unity, show a very insignificant value for this class. The 
magnitudes of cross price elasticities show an increase compared to class 8. 
Rural expenditure class 10 
The estimates of price and expenditure elasticities for the rural 
expenditure class 10 is given in Table 5.23. Since this class includes 
all households which have monthly per capita expenditures higher than Rs 
200.00, there is a wide variation in total expenditures and food intake. 
Hence, this class, though representative of the richest group of households 
in rural areas, can not be expected to follow the trend in terms of 
magnitude of elasticities. Unlike class 8 and class 9 which had high 
expenditure elasticities of food grains compared to class 6 and class 7, 
there is a decline in expenditure elasticities of all food grains. Even for 
this expenditure class the non food item has an expenditure elasticity of 
greater than unity indicating that these are luxuries. This can be expected 
since the major share of the nonfood expenditure for these households is 
spent on durables like automobiles and electronic goods, compared to 
necessities like clothing and housing. The own price elasticities of food 
grains indicate a lower price response compared to class 9 with the own 
price elasticity of coarse grains being similar. The number of cross price 
elasticities greater than 0.25 has fallen to only 19 out of 110 cases 
similar to the lowest expenditure class (15). 
Given the number and nature of estimates presented in the last ten 
tables, it is difficult to comprehend them and come to any definite 
Table 5.23. Estimates of price and expenditure elasticities - rural expenditure class 10 
Prices of 
Rice Wheat CG Pulses Milk Oils V NV Sugar OF NF X* 
Rice -0.671 0.712 0.121 0.247 -0.911 -0.612 0.012 -0.315 0.073 -0.167 0.021 0.761 
Wheat 0.137 -0.812 0.071 -0.171 0.311 0.071 -0.171 -0.112 0.162 -0.013 -0.171 0.712 
Coarse Grains 
(CG) 
0.003 -0.011 -0.121 -0.102 -0.112 -0.012 0.032 0.017 0.016 0.001 0.012 0.231 
Pulses -0.012 0.312 -0.013 -0.511 0.121 -0.062 0.103 -0.631 0.023 0.011 -0.621 0.672 
Milk 0.021 -0.312 0.012 0.312 -0.612 -0.121 0.161 0.121 0.116 0.218 0.102 0.971 
Oils -0.011 0.072 -0.417 -0.512 -0.162 -0.312 0.102 -0.113 0.013 -0.012 0.102 0.712 
Vegetables (V) -0.021 0.216 0.021 0.013 -0.012 -0.211 -0.911 -0.011 0.003 0.012 0.021 0.776 
Nonvegetarian 
food (NV) 
0.021 0.085 -0.014 -0.062 0.061 -0.121 -0.211 -0.782 0.001 0.021 0.031 0.612 
Sugar -0.003 -0.112 0.171 0.162 -0.076 0.310 0.011 0.012 -0.312 0.001 0.023 0.712 
Other foods 
(OF) 
0.171 -0.312 -0.012 -0.111 -0.132 0.031 0.011 -0.121 0.021 -0.731 0.071 0.666 
Nonfoods (NF) 
-0.012 -0.011 0.031 0.211 0.033 -0.132 0.071 0.031 0.122 -0.117 -1.121 1.132 
denotes expenditure. 
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conclusion. However, comparing the summary of elasticities and comparing 
specific expenditure classes may provide some definitive statements 
regarding household demand behavior for food. 
A suirmary of significance of own price, cross price and expenditure 
elasticities for rural expenditure class is given in Table 5.24 separately 
for food grains and nonfood grains. The importance of magnitude of the 
own and cross price elasticity estimates are defined in terms of absolute 
value greater than 0.25 (Pitt, 1983). For the four food grains the number 
of own price elasticities greater than 0.25 was more than three, with 
wheat and coarse grains interchanging their signficance between lower and 
higher expenditure classes. In most cases the rice and pulses have 
significant price elasticities. 
Most of the own price elasticities among seven nonfood grain 
commodities are also high for all the expenditure classes. The cross 
price elasticities between food grains alone are given in column three. 
The number of cross price elasticities greater than 0.25 increases with 
the expenditure class up to sixth expenditure class and decreases after 
that. A similar trend can be seen with the cross price elasticities of 
nonfood grain commodities. This reflects that the expenditure classes in 
the middle have more interactions between the demands for related goods 
compared to the extreme classes. Since for the lower expenditure classes 
most of the income is allocated to necessities needed for subsistence, the 
increase or decrease of price in other goods may not influence the demand. 
However, for the higher expenditure classes the increased values of cross 















Summary of own price, cross price, and expenditure elasticities - rural (numbers) 
Food Grains Nonfood Grains and Nonfoods 
All 
Cross Price Cross Price Cross Price 
Own Price Among Expenditure Own Price Among Expenditure Elasticities 
>0.25 Food Grains <0.50 >1.00 >0.25 Food Grains <0.50 >1.00 >0.25 
>0.25 >0.25 
3 2 0 2 6 5 0 7 15 
3 2 0 2 6 9 0 7 23 
2 3 0 2 6 8 0 7 21 
3 3 0 1 6 14 0 5 35 
3 6 0 1 7 11 0 4 45 
3 9 0 0 7 11 0 3 40 
3 7 1 0 7 14 0 3 42 
3 7 1 0 6 9 1 1 27 
4 4 1 0 5 13 1 1 32 
3 4 1 0 7 4 0 1 19 
4 12 4 4 7 42 7 7 110 
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commodities rather than between food commodities. This could also be 
seen from the number of cross price elasticities greater than 0.25 for 
all the commodities given in the last column. 
The number of expenditure elasticities that exceed unity reflect the 
luxury nature of the good. For the food grains, the luxury of pulses and 
wheat goes down with expenditure classes. So is the case of number high 
valued expenditure elasticities. A similar trend can be seen with the 
expenditure elasticities among nonfood grain commodities. These results 
are in line with similar studies conducted in other Asian countries 
(Sahn, 1988; Timmer, 1981; and Alderman, 1988). 
Table 5.25 presents estimates of own price and expenditure 
elasticities for ten rural expenditure classes for comparison. There 
exists considerable differences in the uncompensated elasticities between 
these classes, the general trend being reduction in the responsiveness to 
the own price as expenditure increases with some exceptions, such as rice 
and wheat. The fifth expenditure class is less responsive to rice price 
compared to the first and tenth expenditure classes while the own price 
response of wheat increases with the expenditure class. 
The compensated own price elasticities are, in general, closer to 
the uncompensated own price elasticities except for rice, at least for 
the three expenditure classes. For the lowest expenditure class the 
compensated own price elasticity for rice is substantially smaller 
compared to other goods than the uncompensated elasticity which reflects 
the large share of rice in their budgets. This result is consistent with 
results obtained by Pitt (1983) for rural Bangladeshi households. 
Table 5.25. A comparison of rural own price and expenditure elasticities 
Uncompensated Rural Rural Rural Rural Rural 
Own Price Class 1 Class 2 Class 3 Class 4 Class 5 
Rice -0.772 -0.832 -0.721 -0.621 -0.583 
Wheat -0.051 -0.063 -0.078 -0.212 -0.371 
Coarse grains -0.661 -0.672 -0.662 -0.712 -0.231 
Pulses -0.718 -0.512 -0.632 -0.512 -0.627 
Milk -0.421 -0.246 -0.182 -0.104 -0.590 
Oil -0.010 -0.009 -0.012 -0.526 -0.604 
Vegetables -0.672 -0.599 -0.871 -0.611 -0.810 
Nonvegetarian food -1.120 -0.967 -0.812 -0.715 -0.820 
Sugar -0.712 -0.641 -0.512 -0.439 -0.462 
Other food -0.932 -0.963 -1.102 -1.178 -1.300 
Nonfoods -1.212 -2.171 -1.313 -1.412 -1.312 
Compensated Own Price 
Rice -0.572 -0.562 
Wheat -0.049 -0.351 
Coarse grains -0.516 -0.211 
Pulses -0.697 -0.592 
Milk -0.382 -0.571 
Oil -0.010 -0.503 
Vegetables -0.612 -0.781 
Nonvegetarian food -1.010 -0.811 
Sugar -0.697 -0.457 
Other food -0.913 -1.282 
Nonfoods -1.186 -1.297 
Expenditure Elasticities 
Rice 0.767 0.721 0.691 0.612 0.534 
Wheat 1.231 1.202 1.159 0.981 0.872 
Coarse grains 0.532 0.633 0.516 0.713 0.887 
Pulses 1.044 1.083 1.023 1.108 1.023 
Milk 2.126 2.107 2.231 1.871 1.876 
Oil 1.312 1.428 1.527 1.218 1.231 
Vegetables 1.214 1.116 1.002 0.937 0.831 
Nonvegetarian food 1.727 1.635 1.431 0.986 0.872 
Sugar 1.028 1.010 1.233 1.272 1.021 
Other food 1.322 1.210 1.100 1.024 0.964 
Nonfoods 1.723 1.213 1.931 1.872 1.417 
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Uncompensated Rural Rural Rural Rural Rural 
Own Price Class 6 Class 7 Class 8 Class 9 Class 10 
Rice -0. 671 -O. 732 -0. 811 -1. 201 -0.671 
Wheat -0. 481 -0. 561 -0. 762 -0. 819 -0.812 
Coarse grains -0. 212 -0. 121 -0. 110 -0. 121 -0.121 
Pulses -0. 762 -0. 621 -0. 712 -0. 578 -n.511 
Milk -1. 012 -0. 920 -0. 871 -1. 084 -0.612 
Oil -0. 251 -0. 261 -0. 211 -0. 094 -0.312 
Vegetables -0. 732 -0. 617 -0. 717 -0. 487 -0.911 
Nonvegetarian food -1. 130 -1. 212 -1. 107 -0. 660 -0.782 
Sugar -0. 767 -0. 412 -0. 312 -0. 071 -0.312 
Other food -1. 241 -1. 121 -0. 917 -0. 759 -0.731 
Nonfoods -1. 717 -1. 627 -1. 121 -1. 313 -1.121 













Rice 0.511 0. 471 0. 712 0. 812 0. 761 
Wheat 0.912 0. 812 0. 911 0. 861 0. 712 
Coarse grains 0.621 0. 516 0. 323 0. 411 0. 231 
Pulses 0.972 0. 881 0. 711 0. 787 0. 672 
Milk 1.621 1. 253 0. 910 0. 861 0. 971 
Oil 1.012 0. 912 0. 811 0. 713 0. 712 
Vegetables 0.921 0. 861 0. 761 0. 731 0. 776 
Nonvegetarian food 0.911 1. 127 0. 927 0. 301 0. 612 
Sugar 0.732 0. 562 0. 312 0. 612 0. 712 
Other food 0.812 0. 761 0. 712 0. 782 0. 666 













The expenditure elasticities presented in Table 5.25 significantly 
vary across food commodities and with expenditure classes. For the 
lowest expenditure class all the commodities are luxuries except rice and 
coarse grains. Some of the luxury goods tend to become necessities with 
expenditure class and for the highest class only nonfood is the luxury 
good. The general trend for most of the commodities is reduction in 
expenditure elasticities with the expenditure class with an exception of 
rice. The expenditure elasticity of rice for the middle expenditure 
class is lower than the extreme classes. In most of the food demand 
studies where two or three expenditure classes were compared (Pitt, 1983 
and Sahn, 1988) estimates of the extreme classes, namely the first 
expenditure class and tenth expenditure class along with the middle 
expenditure classes, were used to derive the general pattern of changes 
in elasticities as expenditure increases. As can be seen from Table 
5.25, these patterns differ between commodities. It is generally agreed 
that the own price elasticities decrease as expenditure increases, at 
least for food commodities. The results of Table 5.25 shows that this is 
not the case for Indian rural households. The own price elasticity of 
rice, wheat and milk show a convex pattern while that of pulse, oil, 
vegetables, and other foods show a concave pattern. The commodities like 
nonvegetarian food, sugar, and nonfood show a "S" shaped own price 
elasticity pattern with expenditure classes. 
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Analysis of Food Demand Among Urban Expenditure Classes 
Most of the food subsidy policies in developing countries, in 
general, are criticized for helping urban consumers at the cost of 
farmers who form a part of rural consumers (Streeten, 1987). However, 
from the point of view of reducing malnutrition through increased food 
intake, it is important to devise policies that are different for urban 
and rural consumers depending on their demand pattern for food 
commodities towards changes in income and prices. In this section the 
demand elasticity estimates for ten Indian urban expenditure classes are 
presented and discussed. The parameters estimated using LA/AIDS model 
for the ten urban classes are given in the Appendix Tables A.14 to A.23. 
These parameters were used to derive the own price, cross price, and 
expenditure elasticities of food and nonfood demand. 
Urban expenditure class 1 
This class can be considered as the poorest group of households 
living in urban regions, mostly earning their subsistence through their 
manual, unskilled labor and are equivalent to the landless agricultural 
laborers in rural areas. The price and expenditure elasticities for 
individual food commodities for these households are given in Table 5.26. 
Among food grains, wheat and pulses are luxuries with expenditure 
elasticities more than unity. There is very little increase in coarse 
grains intake due to an increase in expenditure. This is consistent with 
the expenditure pattern of the urban low expenditure households as 
discussed earlier (Table 5.2). 
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The own price elasticities of food grains, and nonfood grains have 
proper signs. Among food grains rice, wheat and pulses have almost 
proportional responses in demand reduction with respect to their own 
prices. The coarse grain demand is less responsive to its price. All the 
nonfood grain groups analyzed have an expenditure elasticity of more than 
one with milk exceeding two. This result is in line with other studies 
where disaggregated analysis for urban consumers have been conducted 
(Sahn, 1988 and Radhakrishna, 1984). 
Among food grains, rice and wheat show strong substitutability with 
an increase in the demand of one due to an increase in the price of the 
other. Pulses and rice show complementarity, though not very significant. 
Coarse grains substitute rice to some extent, but not wheat. This is 
basically due to the influence of taste in urban food demand. In urban 
regions there is a large substitutability among poor households between 
poor quality and higher quality fine cereal grains (rice and wheat) rather 
than between rice and coarse grains or wheat and coarse grains (Shah, 
1983). Most of the other cross price elasticities are, in general, 
insignificant (0.25) with an exception between nonvegetarian foods and 
milk. This is, in general, the case with lower expenditure households 
(Sahn, 1988), which could be due to the fact that the expenditure shares 
on most of the food items other than food grains are very low. Out of 110 
cross price elasticities only 13 were greater than 0.25. 
Table 5.26. Estimates of price and expenditure elasticities - urban expenditure class 1 
Prices of 
Rice Wheat C6 Pulses Milk Oils V NV Sugar OF NF x" 
Rice -0.921 0. 812 0. 117 -0. 211 -0.071 0.221 -0. 097 0.018 -0.212 -0.151 -0. 127 0. 962 
Wheat 0.713 -0. 971 0. 013 -0. 062 -0.013 -0.012 -0. 112 -0.171 -0.012 -0.231 -0. 171 1. 121 
Coarse Grains 0.251 -0. 071 -0. 310 0. 311 0.003 0.013 -0. 213 0.027 -0.067 0.061 -0. 212 0. 327 
(C6) 
Pulses -0.237 0. 211 0. 021 -0. 962 0.092 -0,071 0. 217 0.312 0.021 0.091 -0. 210 1. 211 
Milk -0.061 -0. 212 -0. 001 -0. 214 -0.671 -0.071 0. 021 0.713 -0.172 -0.019 -0. 162 2. 214 
Oils 0.121 -0. 511 -0. 102 -0. 161 -0.011 -0.120 0. 013 -0.321 -0.211 -0.021 0. 023 1. 214 
Vegetables (V) -0.011 0. 021 0. 071 0. 021 -0.032 -0.081 -0. ,712 0.071 0.136 -0.073 -0. 031 1. 217 
Nonvegetarian 0.028 0. 033 "0. ,144 -0. 126 0.090 -0.021 0. .216 -1.378 0.312 -0.021 -0. 071 1. ,812 
food (NV) 
Sugar -0.017 0. 171 0. 083 0. 123 -0.011 -0.023 0. .212 0.413 -0.672 0.121 -0. 003 1. ,126 






0.025 0. .021 -0.211 0.016 -0.781 0. ,083 1. ,412 
(OF) 
Nonfoods (NF) 0.122 -0. ,121 -0. .510 -0. ,101 -0.007 -0.002 -0, .031 0.022 0.037 0.120 -1. 313 1. ,623 
denotes expenditure. 
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Urban expenditure class 2 
Table 5.27 presents the price and expenditure elasticity estimates 
for the urban expenditure class 2. Among food grains wheat and pulse are 
luxuries as in expenditure class 1. The oils have become a necessity 
while other nonfood grains remain luxuries. Most of the expenditure 
elasticities have declined compared to class 1 with the exception of 
coarse grains, sugar, other food and nonfoods. The own price response of 
rice and wheat have increased; that of coarse grains declined and that of 
pulses remained the same compared to class 1. Among nonfood grain groups, 
milk, oils, vegetables, other foods and nonfoods show an increased 
response to their prices while the rest show a lesser response compared to 
class 1. The cross price elasticities show an increased interaction among 
commodities with 25 out of 110 with a cross price elasticity greater than 
0.25. A notable feature of this class is that rice and wheat substitute 
for each other with a higher response for their own prices than any other 
urban class. 
Urban expenditure class 3 
Wheat and vegetables are necessities in addition to rice and coarse 
grains for this expenditure class as indicated by the expenditure 
elasticities presented in Table 5.28. There is, in general, a decrease in 
the demand responses to the total expenditures compared to classes one and 
two, which is consistent with the general pattern of elasticity movements 
among expenditure classes described in earlier studies (Timmer, 1981, and 
Sahn, 1988). The own price elasticities show a lower price response for 
Table 5.27. Estimates of price and expenditure elasticities - urban expenditure class 2 
Prices of 
Ri ce Wheat CG Pul ses Milk Oils V NV Sugar OF NF X* 
Rice -1. 021 0.911 0.210 -0. 341 -0.032 0.311 -0.017 -0.620 0. 012 -0.371 -0.011 0. ,867 
Wheat 0. 861 -1.102 0.012 -0. 071 -0.031 -0.361 -0.166 -0.081 -0. 211 -0.017 -0.316 1. .027 
Coarse Grains 0. 312 0.011 -0.210 0. 241 0.021 0.019 0.003 0.071 -0. 075 0.069 0.003 0. ,412 
(C6) 
Pulses -0. 311 0.712 0.071 -0. 960 0.001 -0.061 0.312 0.616 0. 123 0.009 -0.012 1. .016 
Milk -0. 086 -0.062 -0.031 -0. 031 -0.823 -0.017 0.081 0.421 0. 002 -0.031 -0.251 1, .978 
Oils 0, 141 -0.712 -0.012 -0. 113 -0.012 -0.211 -0.006 0.003 0. 317 -0.312 -0.067 0, .912 
Vegetables (V) -0. ,062 0.091 0.017 0. 006 -0.121 0.073 -0.801 -0.172 -0. Oil -0.121 0.083 1 .012 
Nonvegetarian 0. .012 0.051 -0.132 -0. 115 -0.075 -0.009 -0.212 -1.261 -0. 312 -0.162 -0.017 1 .612 
food (NV) 
Sugar -0. .007 -0.152 0.021 0. 037 0.001 0.071 0.092 0.052 -0. 515 0.145 0.172 1 .312 
Other foods 0. .071 -0.062 -0.171 -0. 162 -0.021 0.010 -0.066 -0.312 0. 158 -0.671 -0.015 1 .712 
(OF) 
Nonfoods (MF) -0, .312 0.021 -0.332 -0. 141 -0.002 0.081 0.004 -0.041 -0. 132 -0.117 -1.511 1 .516 
denotes expenditure. 
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rice, wheat, and pulses. However, among nonfood grain groups, except for 
nonvegetarian foods and nonfoods, all the groups show an increased 
response for their own prices. The increase in the price of wheat 
increases the rice demand more than proportionally for this expenditure 
class. The number of higher cross price elasticities are similar to that 
of class two with nonvegetarian foods and pulses being substitutes and 
wheat and nonfoods being complements. 
Urban expenditure class 4 
Table 5.29 presents the estimates of price and expenditure 
elasticities for urban expenditure class 4. The expenditure elasticity of 
wheat has increased and is shown to be a luxury while pulses have become a 
necessity. Among nonfood grain groups, except nonfood and milk, all of 
them are also shown to be necessities. The own price elasticities of 
rice, wheat, and pulses show a decreased response compared to class 3. So 
are the response of milk, vegetables, nonvegetarian foods, and sugar. 
There is an increase in the number of cross price elasticities greater 
than 0.25 to around 47 forming 42 percent of all cross elasticities, 
highest for any urban expenditure class. 
Urban expenditure class 5 
There is a considerable decrease in the own price response of rice 
with an increase in that of wheat for this class, as shown in Table 5.30. 
This indicates that at least for this expenditure group wheat is more 
preferred than rice. This can also be seen from the expenditure 
Table 5.28. Estimates of price and expenditure elasticities - urban expenditure class 3 
Prices of 
Rice Wheat CG Pul ses Milk Oils V NV Sugar OF NF X® 
Rice -0. 977 1.061 0. 032 -0. 166 -0.323 -0.414 -0.068 -0.612 0.187 -0.312 -0.011 0. 818 
Wheat 0. 721 -0.911 0. 021 -0. 082 -0.168 -0.219 -0.131 -0.071 -0.161 -0.517 -0.401 0. 912 
Coarse Grains 0. 014 0.012 -0. 231 0. 214 0.043 0.021 0.013 0.017 0.086 0.091 -0.312 0. 371 
(C6) 
Pulses -0. 241 0.321 0. 018 -0. 761 0.271 0.067 0.312 0.612 0.067 0.012 -0.132 1. 103 
Milk -1. 068 -0.216 -0. 032 -0. 041 -0.911 -0.030 0.071 0.506 -0.141 -0.031 -0.111 1. 583 
Oils 0. ,241 -0.212 -0. 072 -0. 189 -0.045 -0.230 -0.012 -0.311 -0.217 -0.068 -0.011 0. 831 
Vegetables (V) -0. 035 0.088 0. 012 0. 007 -0.280 -0.086 -0.912 -0.102 0.122 -0.317 0.071 0. ,911 
Nonvegetari an 0. ,003 0.041 -0. 171 -0. 141 0.061 -0.081 -0.271 -1.012 -0.026 -0.291 -0.161 1. ,330 
food (NV) 
Sugar -0. .012 -0.133 0. ,101 0. 167 0.018 0.071 0.081 0.017 -0.627 -0.031 -0.117 1. ,210 
Other foods 0. ,056 -0.071 -0. ,151 -0. 166 -0.021 0.001 -0.012 -0.271 0.141 -0.718 -0.002 1. ,512 
(OF) 
Nonfoods (NF) 
-0, .281 0.012 -0. .316 -0. ,131 -0.001 0.061 0.041 -0.031 -0.113 0.123 -1.123 1. .414 
denotes expenditure. 
Table 5.29. Estimates of price and expenditure elasticities - urban expenditure class 4 
Prices of 
Rice Wheat CG Pul ses Mi Ik Oils V NV Sugar OF NF X* 
Rice -0.821 0.621 0. 081 -0. 177 -0. 411 -0.008 -0. 311 0.811 0. 276 0.312 -0.211 0.734 
Wheat 0.813 -0.811 0. 312 -0. 211 -0. 267 0.316 -0. 231 -0.317 -0. 313 -0.411 0.023 1.037 
Coarse Grains 0.013 0.024 -0. 271 0. 331 0. 271 0.331 -0. 176 0.082 0. 061 0.042 -0.002 0.312 
(C6) 
Pulses -0.171 0.321 0. 271 -0. 671 0. 510 -0.271 0. 312 0.713 0. 232 0.127 0.076 0.712 
Milk -0.312 -0.278 -0. 133 -0. 177 -0. 861 -0.114 0. 216 0.213 -0. 171 0.114 -0.107 1.126 
Oils 0.316 -0.712 -0. 212 -0. 311 0. 117 -0.371 -0. 318 0.361 0, 252 -0.216 0.090 0.712 
Vegetables (V) -0.217 0.026 0. 033 0. 018 0. 621 0.313 -0. 451 0.117 0. 061 -0.104 -0.023 0.911 
Nonvegetarian 0.147 0.073 -0. ,418 0. 367 0. 601 0.312 0. ,127 -0.992 0. ,121 -0.121 -0.061 0.971 
food (NV) 
Sugar -0.241 -0.512 0. ,613 0. ,217 0. ,261 -0.061 0. .057 0.042 -0. .577 -0.321 0.018 0.612 
Other foods 0.262 -0.176 -0. ,167 -0. ,213 -0. .311 0.501 -0. ,121 0.316 0. .261 -0.782 0.037 0.771 
(OF) 
Nonfoods (NF) 
-0.021 0.011 -0, .068 0, .052 0. .013 0.011 0, .082 0.071 0. 091 -0.313 -1.427 1.217 
denotes expenditure. 
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elasticities. All the food grains are necessities. Among nonfood grain 
groups milk and nonfoods continue to be luxuries. The own price 
elasticities of all nonfood grain groups show a reduced response except 
milk. Most of the cross price elasticities are low with a reduction in 
the number that are greater than 0.25, to 22, from 47 in class 4. 
Urban expenditure class 6 
The response of all the food grains' demand to their own price shows 
a further decline for expenditure class 6 as given in Table 5.31. The 
demand response, however, of milk, oils, vegetables, sugar and other food 
groups to their prices shows an increase indicating that this expenditure 
class responds more to prices of nonfood grain foods tirare than to that of 
food grains. The expenditure elasticities are less than one for all the 
groups except for milk and nonfoods. The number of cross price 
elasticities that are greater than 0.25 shows an increase once again from 
22 in class 5 to 38 in class 6. 
Urban expenditure classs 7 
A sudden decline can be noticed in the expenditure elasticities of 
all the food grains and most of the nonfood grains in Table 5.32 which 
presents the price and expenditure elasticity for the urban expenditure 
class 7. There is an increase in the expenditure elasticities of "other 
foods" and "nonfood" groups. While the own price response of food grains 
seems to be unchanged, there is a decline in response to the own prices of 
most of the nonfood grain commodities. The number of cross price 
Table 5.30. Estimates of price and expenditure elasticities - urban expenditure class 5 
Prices of 
Rice Wheat CG Pulses Milk Oils V NV Sugar OF NF X* 
Rice -0.460 0.512 0.212 -0.112 -0.001 -0.013 0.012 -0.001 0.007 -0.026 0.016 0.644 
Wheat 0.916 -0.912 0.317 0.212 -0.161 0.212 -0.131 -0.092 -0.167 -0.312 -0.317 0.968 
Coarse Grains 
(CG) 
0.013 0.027 -0.123 0.217 0.031 0.022 -0.014 0.063 0.072 0.067 -0.127 0.228 
Pulses -0.312 -0.412 0.120 -0.712 0.312 -0.171 0.256 0.612 0.013 0.016 -0.211 0.677 
Milk -0.067 -0.131 -0.002 -0.031 -0.983 -0.352 0.013 -0.001 -0.017 -0.066 -0.230 1.012 
Oils 0.216 -0.613 -0.131 -0.141 -0.001 -0.352 -0.001 -0.006 -0.023 0.014 -0.005 0.671 
Vegetables (V) -0.015 0.016 0.017 0.002 -0.212 0.271 -0.412 0.232 0.414 0.417 0.012 0.912 
Nonvegetari an 
food (NV) 
0.014 0.037 -0.141 0.163 -0.002 -0.032 -0.017 -0.968 -0.065 0.039 -0.015 0.961 








-0.032 -0.537 -0.022 -0.008 0.611 
Other foods 
(OF) 
0.014 -0.061 -0.132 -0.317 -0.002 -0.023 -0.001 -0.012 0.018 -0.738 0.028 0.781 
Nonfoods (NF) -0.209 0.032 -0.313 -0.116 -0.003 -0.038 -0.011 -0.002 -0.020 -0.076 -1.312 1.216 
denotes expenditure. 
Table 5.31. Estimates of price and expenditure elasticities - urban expenditure class 6 
Prices of 
Rice Wheat CG Pulses Milk Oils V NV Sugar OF NF X* 
Rice -0.392 0.412 0.082 -0.331 0.004 -0,004 -0.001 -0.002 -0.009 0.006 -0.008 0.592 
Wheat 0.712 -0.811 -0.312 -0.184 -0.311 0.361 -0.216 0.003 -0.016 0.056 0.016 0.817 
Coarse Grains 
(CG) 
0.071 0.211 -0.112 0.531 0.412 0.061 -0.017 0.023 0.086 0.071 -0.001 0.212 
Pulses -0.181 0.513 0.302 -0.512 0.311 -0.217 0.461 0.217 0.461 0.181 -0.081 0.681 
Milk -0.162 -0.413 -0.101 -0.412 -1.111 -0.013 0.331 -0.003 -0.008 -0.030 0.021 1.001 
Oils -0.276 -0.312 -0.121 -0.313 0.011 -0.760 -0.261 -0.020 -0.050 -0.021 0.081 0.662 
Vegetables (V) -0.326 -0.361 -0.041 0.072 -0.412 0.271 -0.618 -0.617 0.013 -0.061 0.005 0.910 
Nonvegetarian 
food (NV) 
-0.412 -0.271 0.023 -0.412 0.013 -0.011 0.016 -0.938 -0.007 -0.024 0.018 0.912 
Sugar -0.161 0.118 0.321 0.421 0.011 -0.009 0.131 -0.002 -0.803 -0.021 0.015 0.581 
Other foods 
(OF) 
0.162 0.312 0.141 0.332 0.012 -0.010 0.061 -0.002 -0.006 -0.895 0.017 0.772 
Nonfoods (NF) -0.021 -0.031 0.161 -0.331 0.017 -0.014 0.181 -0.003 -0.009 -0.031 -1.118 1.181 
denotes expenditure. 
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elasticities that are greater than 0.25 also shows a decline from 38 in 
class 6 to 31 in this class. 
Urban expenditure class 8 
The price and expenditure elasticity estimates for urban expenditure 
class 8 are given in Table 5.53. The expenditure elasticities of most of 
the commodities show a further decline with an exception of the "nonfood" 
group. The own price responses of all the commodities in general show a 
decline compared to class 7. The number of cross price elasticities 
greater than 0.25 show a slight decrease from 31 in class 7 to 28 in this 
class. 
Urban expenditure class 9 
The estimates of price and expenditure elasticities for urban 
expenditure class 9 are given in Table 5.34. Among food grains the 
expenditure elasticity shows that coarse grains are inferior goods with a 
negative sign. All other commodities are necessities except for the non 
food group. The own price elasticities for most of the commodities show 
a lesser response to their prices. The cross price elasticities show a 
considerable reduction in the number of estimates greater than 0.25 from 
28 in class 8 to 14 in class 9. 
Urban expenditure class 10 
The sign of expenditure elasticity of coarse grains continues to be 
negative, indicating these are inferior goods for the highest expenditure 
Table 5.32. Estimates of price and expenditure elasticities - urban expenditure class 7 
Prices of 
Rice Wheat CG Pulses Milk Oils V NV Sugar OF NF X® 
Rice -0.371 0. 312 0.081 -0.416 -0.612 -0.213 -0. 161 0.171 -0.141 0.013 0.004 0.347 
Wheat 0.361 -0. 871 -0.261 -0.172 -0.211 0.271 -0. 312 0.017 -0.013 0.117 0.051 0.481 
Coarse Grains 0.016 0. 132 -0.261 -0.172 -0.211 0.271 -0. 312 0.017 -0.013 0.117 0.051 0.481 
(CG) 
Pulses -0.113 0. 416 0.312 -0.512 0.317 0.021 -0. 016 0.031 0.077 0.126 0.052 0.212 
Milk -0.013 -0. 271 -0.001 -0.212 -0.861 -0.311 0. 312 0.371 -0.412 0.012 0.021 0.583 
Oil ,-0.161 -0. 217 -0.311 0.271 0.031 -0.712 0. 002 0.034 0.012 0.412 0.121 0.311 
Vegetables (V) -0.417 -0. 310 -0.013 0.001 0.012 0.011 -0. 571 0.013 0.034 0.044 0.212 0.482 
Nonvegetarian -0.313 -0. 217 0.014 0.001 0.001 0.021 0. 212 -0.819 0.217 0.312 -0.012 0.871 
food (NV) 
Sugar -0.171 -0. 116 0.421 0.131 -0.101 0.011 0. ,071 0.018 -0.162 -0.712 0.121 0.811 
Other foods -0.132 0, 013 0.412 0.131 -0.101 0.011 0. ,071 0.018 -0.162 -0.712 0.121 0.811 
(OF) 
Nonfoods (NF) 
-0.013 -0. ,012 0.161 0.113 -0.013 -0.112 -0. .017 0.013 0.022 -0.116 -1.013 1.613 
denotes expenditure. 
Table 5.33. Estimates of price and expenditure elasticities - urban expenditure class 8 
Prices of 
Rice Wheat CG Pulses Milk Oi Is V NV Sugar OF NF X* 
Rice -0.311 0.211 0.017 0.312 -0.612 -0.712 0.101 -0.312 0.016 0.261 0.001 0.208 
Wheat 0.121 -0.712 0.013 -0.112 0.452 0.012 -0.116 -0.017 -0.017 -0.521 0.031 0.312 
Coarse Grains 
(C6) 
0.021 -0.116 -0.131 -0.111 -0.217 -0.012 0.121 0.013 0.012 0.013 0.052 0.131 
Pulses -0.110 0.310 -0.012 -0.571 0.162 -0.076 0,011 -0.311 0.027 0.121 -0.012 0.397 
Milk 0.051 -0.313 0.127 0.251 -0.712 -0.121 0.121 0.371 0.061 0.439 0.212 0.531 
Oil -0.017 0.051 -0.312 -0.411 -0.412 -0.663 -0.012 0.148 -0.221 0.018 -0.541 0.312 
Vegetables (V) -0.061 0.187 0.001 0.002 -0.412 0.101 -0.512 0.312 0.021 0.316 0.210 0.412 
Nonvegetarian 
food (NV) 
0.017 0.067 -0.087 -0.071 0.061 0.012 -0.012 -0.812 -0.616 0.092 -0.391 0.811 
Sugar -0.005 -0.127 0.122 0.217 -0.011 -0.216 -0.121 0.102 -0.214 0.311 0.012 0.313 
Other foods 
(OF) 
0.127 -0.312 -0.318 -0.217 -0.161 0.121 0.066 -0.412 0.169 -0.701 0.321 0.716 
Nonfoods (NF) -0.012 -0.031 0.012 0.131 0.021 -0.013 0.077 0.161 0.131 -0.012 -1.011 1.733 
denotes expenditure. 
Table 5.34. Estimates of price and expenditure elasticities - urban expenditure class 9 
Prices of 
Rice Wheat CG Pulses Milk Oils V NV Sugar OF NF X* 
Rice -0.271 0.311 0.112 0.167 -0.612 -0.812 0.012 -0.311 0.071 -0.167 0.031 0.181 
Wheat 0.136 -0.631 -0.130 -0.113 0.311 0.012 -0.162 -0.117 0.151 -0.013 -0.161 0.256 
Coarse Grains 
(CG) 
0.004 -0.012 -0.012 -0.114 -0.113 -0.013 0.031 0.016 0.013 0.002 0.012 -0.121 
Pulses -0.121 0.313 -0.016 -0.413 0.122 -0.063 0.114 -0.612 0.021 0.016 -0.612 0.362 
Milk 0.011 -0.123 0.014 0.331 -0.671 -0.161 0.131 0.116 0.112 0.217 0.101 0.527 
Oil -0.001 0.063 -0.312 -0.417 -0.163 -0.512 -0.311 -0.112 0.014 -0.014 0.103 0.212 
Vegetables (V) -0.023 0.217 0.022 0.014 -0.011 -0.213 -0.412 -0.612 0.004 0.013 0.012 0.382 
Nonvegetarian 
food (NV) 
-0.022 0.091 -0.016 -0.017 0.072 -0.012 -0.132 -0.711 -0.001 0.022 0.036 0.713 
Sugar -0.004 -0.116 0.172 0.151 -0.061 0.310 0.012 0.013 -0.214 0.001 0.021 0.274 
Other foods 
(OF) 
0.161 -0.311 -0.012 -0.111 -0.131 0.021 0.012 -0.121 0.021 -0.612 0.022 0.611 
Nonfoods (NF) -0.112 -0.011 0.031 0.211 0.031 -0.123 0.071 0.031 0.132 -0.116 -1.030 1.627 
denotes expenditure. 
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class. The elasticity estimates for this class are given in Table 5.35. 
The expenditure elasticities for other commodities also show a decline 
compared to class 9. The own price elasticities for the food grains show 
a reduction in response. This is the case for most of the nonfood grain 
commodities. The number of cross price elasticities greater than 0.25 
for this expenditure class is 14, similar to that of expenditure classes 
9 and 1. 
The results presented so far have been a simple description of the 
estimates of elasticities from each urban expenditure class, which do not 
permit any generalization. To comprehend these results, a summary of 
direction and magnitude of these elasticity estimates was prepared. The 
own price and expenditure elasticities were also compared for the first, 
fifth and tenth expenditure classes. 
A sutmiary of the number of own price, cross price and expenditure 
elasticities for ten urban expenditure classes is given in Table 5.36. 
The expenditure elasticities that are more than unity in general decline 
with expenditure class while the number of expenditure elasticities that 
are less than 0.50 increases. This is the case for both food grains and 
nonfood grain commodities. The number of own price elasticities greater 
than 0.25 for food grains decline with the expenditure class. While 
there are no changes in the magnitudes of nonfood grain elasticities, the 
middle expenditure classes (5, 6, 7) have an increased number of higher 
valued elasticities than other classes. The magnitude of cross price 
elasticities for food grains reduces with the expenditure classes. For 
the nonfood grain commodities, however, the number of higher valued 
Table 5.35. Estimates of price and expenditure elasticities - urban expenditure class 10 
Prices of 
Rice Wheat CG Pulses Milk Oils V NV Sugar OF NF X* 
Rice -0.211 0.511 0.120 -0.211 -0.612 -0.412 0.013 -0.261 0.071 -0.161 0.021 0.121 
Wheat 0.127 -0.531 0.081 -0.121 0.310 0.061 -0.161 -0.116 0.131 0.167 -0.117 0.217 
Coarse Grains 
(CG) 
0.007 -0.013 -0.010 -0.103 -0.012 -0.016 0.031 0.018 0.026 0.002 0.013 -0.213 
Pulses -0.027 0.313 -0.014 -0.312 0.121 -0.051 0.104 -0.612 0.014 0.011 -0.271 0.312 
Milk 0.031 -0.311 0.013 0.316 -0.512 -0.131 0.162 0.131 0.117 0.217 0.102 0.416 
Oil -0.012 0.071 -0.411 -0.501 -0.121 -0.417 0.116 -0.012 0.072 -0.061 0.101 0.121 
Vegetables (V) -0.011 0.192 0.021 0.013 -0.012 -0.210 -0.319 -0.011 0.003 0.014 0.026 0.312 
Nonvegetarian 
food (NV) 
0.017 0.082 -0.014 -0.018 0.062 -0.116 -0.216 -0.616 -0.001 0.022 0.030 0.611 
Sugar -0.012 -0.114 -0.121 0.012 -0.017 0.012 0.016 0.013 -0.212 0.001 0.023 0.213 
Other foods 0.162 -0.310 -0.014 -0.101 -0.142 0.031 0.012 -0.120 0.012 -0.516 0.016 0.517 
(OF) 
















Summary of own price, cross price, and expenditure elasticities - urban (numbers) 
Food Grains Nonfood Grains and Nonfood 
Cross Price Cross Price 
Among Among Non All 
Own Price Food Grains Expenditure Own Price Food Grains Expenditure Cross Price 
>0.25 >0.25 <0.50 >1.00 >0.25 >0.25 <0.50 >1.00 >0.25 
4 6 1 2 6 4 0 7 13 
3 7 1 2 6 8 0 6 25 
3 4 1 1 6 7 0 5 25 
3 7 1 1 6 14 0 2 47 
3 7 1 0 7 5 0 2 22 
2 7 1 0 7 5 0 2 38 
3 7 4 0 7 10 3 1 31 
3 2 4 0 6 13 3 1 28 
2 2 4 0 6 3 3 1 14 
2 3 4 0 6 0 4 1 14 
4 12 4 4 7 42 7 110 
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cross price elasticities shows a mixed picture. This is the case for all 
cross price elasticities combined. With an exception of the fifth 
expenditure class, the number of higher valued elasticities increases up 
to the fourth expenditure class and declines thereafter. 
The search for a general pattern of responses to price and income 
changes as income or expenditure increases has become increasingly 
important in the food policy literature (Timmer, 1981; Pitt, 1983; and 
Sahn, 1988). Earlier studies with only two (Pitt, 1983) or three (Sahn, 
1988) representative expenditure classes have supported a pattern that 
poor households (lower expenditure classes) are in general more responsive 
to price and income changes than the well-off groups (higher expenditure 
classes). 
As described above, for the urban consumers in India, while the own 
price and income responses are clearly in line with the above pattern, 
cross price response show a "curvature" with extreme classes being less 
responsive to the prices of other goods and the middle expenditure classes 
showing a higher cross price interaction among commodities. This is an 
interesting result from the point of view of nutrition policies. At least 
for the low and high expenditure classes, it can be expected that a 
subsidy in the price of rice or wheat may not influence the intake of 
nutrients from other sources; thus it would mainly work towards increases 
in calories. For the middle expenditure class who are in a state of being 
"mild to moderately malnourished" (Seckler, 1984), food subsidy policies 
on one food would have greater impact on intake of nutrients provided by 
foods other than the one that is subsidized. For example, the recent 
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subsidization of imported vegetable oils such as palm oil and soybean oil 
from Malaysia and Nigeria for the urban consumers under the "Essential 
Commodity Act" for these households could have profound effects on 
increased intake of nutrients from other food commodities. Such is the 
case of white sugar which is also rationed in fair price shops. 
A comparison of price and expenditure elasticities among ten urban 
expenditure classes is given in Table 5.37. Comparing uncompensated own 
price elasticities, there is, in general, a decline in the price response 
with the expenditure class. The decline in rice price elasticity is 
faster than wheat and pulses among food grains. The own price elasticity 
of milk shows that the middle expenditure classes have a higher response 
to its price than the other classes. The own price elasticities of 
"other foods" and nonfood commodities show very little change with 
expenditure classes, while that of oil shows an increase. In general, 
the pattern of change of own price elasticities with urban expenditure 
classes is different from that of rural expenditure classes (Table 5.25). 
The uncompensated own price elasticities of other food commodities show a 
lesser response with the expenditure class. 
The compensated own price elasticities show a similar pattern to 
that of uncompensated price elasticities. They, in general, show a lower 
response than the uncompensated own price elasticities though not very 
significant, since for none of the commodities is the difference between 
compensated and uncompensated price elasticities greater than by 0.20. 
The expenditure elasticities show a pattern that is consistent with other 
studies (Sahn, 1988). All of the commodity groups which are luxuries for 
Table 5.37. A comparison of price and expenditure elasticities among 
urban expenditure classes 
Urban Ex­ Urban Ex­ Urban Ex­ Urban Ex­ Urban Ex­
Uncompensated penditure penditure penditure penditure penditure 
Own Price Class 1 Class 2 Class 3 Class 4 Class 5 
Rice -0.921 -1.021 -0.977 -0.821 -0.460 
Wheat -0.971 -1.102 -0.911 -0.811 -0.912 
Coarse grains -0.310 -0.210 -0.231 -0.271 -0.123 
Pulses -0.962 -0.960 -0.761 -0.671 -0.712 
Milk -0.671 -0.823 -0.911 -0.861 -0.983 
Oil -0.120 -0.211 -0.230 -0.371 -0.352 
Vegetables -0.712 -0.801 -0.912 -0.451 -0.412 
Nonvegetarian food -1.378 -1.261 -1.012 -0.992 -0.968 
Sugar -0.672 -0.515 -0.627 -0.577 -0.537 
Other food -0.781 -0.671 -0.718 -0.782 -0.738 
Nonfood -1.313 -1.511 -1.123 -1.427 -1.312 
Compensated Own Price 
Rice -0.891 -0.316 
Wheat -0.952 -0.861 
Coarse grains -0.291 .n.l02 
Pulses -0.911 -0.671 
Milk -0.521 -n.812 
Oil -0.120 -0.216 
Vegetables -0.691 -0.351 
Nonvegetarian food -1.261 -0.912 
Sugar -0.612 -0.471 
Other food -0.761 -1.692 
Nonfood -1.262 -1.211 
Expenditure Elasticities 
Rice 0.962 0.867 0.818 0.734 0.644 
Wheat 1.121 1.027 0.912 1.037 0.968 
Coarse grains 0.321 0.412 0.371 0.312 0.228 
Pulses 1.211 1.016 1.103 0.712 0.677 
Milk 2.214 1.978 1.583 1.126 1.012 
Oil 1.214 0.912 0.831 0.712 0.671 
Vegetables 1.217 1.012 0.911 0.911 0.912 
Nonvegetarian food 1.812 1.612 1.330 0.971 0.961 
Sugar 1.126 1.312 1.210 0.612 0.611 
Other food 1.412 1.712 1.512 0.771 0.781 
Nonfood 1.623 1.516 1.414 1.217 1.216 
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Urban Ex- Urban Ex- Urban Ex- Urban Ex- Urban Ex-
Uncompensated penditure penditure penditure penditure penditure 
Own Price Class 6 Class 7 Class 8 Class 9 Class 10 
Rice -0. 392 -0. 371 -0. 311 -0. 271 -0, .211 
Wheat -0. 811 -0. 871 -0. 712 -0. 631 -0, .531 
Coarse grains -0. 112 -0. 261 -0. 131 -0. 012 -0, ,010 
Pulses -0. 512 -0. 512 -0. 571 -0. 413 -0, .312 
Milk -1. 111 -0# 861 -0. 712 -0. 671 -0. ,512 
Oil -0. 760 -0. 712 -0. 663 -n. 512 -0. ,417 
Vegetables -0. 618 -0. 571 -0. 512 -0. 412 -0. ,319 
Nonvegetarian food -0. 938 -0. 819 -0. 812 -0. 711 -0. ,616 
Sugar -0. 803 -0. 162 -0. 214 -0. 214 -0. 212 
Other food -0. 895 -0. 712 -0. 701 -0. 612 -0. ,516 
Nonfood -1. 118 -1. 013 -1. Oil -1. 030 -1. ,212 













Rice 0. 592 0, .347 0. 208 0, .181 0. 121 
Wheat 0. 817 0. ,481 0. 312 0. ,256 0. 217 
Co&rse grains 0. 212 0. ,481 0. 131 -0. ,121 -0. 213 
Pulses 0. 681 0. ,212 0. 397 0. ,362 0. 312 
Milk 1. 001 0. ,583 0. 531 0. ,527 0. 416 
Oil 0. 662 0. ,311 0. 312 0. ,212 0. 121 
Vegetables 0. 910 0. ,482 0. 412 0. ,382 0. 312 
Nonvegetarian food 0. 912 0. ,871 0. 811 0. 713 0. 611 
Sugar 0. 581 0. ,811 0. 313 0. 274 0. 213 
Other food 0. 772 0. 811 0. 716 0. 611 0. 517 













the lowest expenditure class become necessities with higher expenditure 
classes except for milk and nonfood groups in class 5 and for nonfood 
group in the highest expenditure class. Except for the nonfood group, 
there is a significant reduction in the expenditure elasticities with the 
expenditure classes indicating that the demand behavior of these 
expenditure classes are different to the extent that some commodities, 
coarse grains in our case, could be inferior for higher expenditure 
classes. 
Comparison of Demand Elasticities Between Rural and Urban Regions 
The differences in demand behavior between rural and urban consumers 
have been well recognized in the food demand literature (Pinstrup-
Andersen, 1986). While several factors could influence this differential 
behavior pattern including differences in the prices of commodities faced 
by the consumers, it is important to understand how these differences vary 
with the expenditure levels and for different commodities in the same 
expenditure class. This can be of help in formulating food policies that 
are more commodity specific and target group oriented for rural and urban 
households. 
Comparison of expenditure elasticities 
A comparison of rural and urban expenditure elasticities for the 
individual food items are given in Table 5.38. The comparison is done for 
each commodity group along the expenditure classes. The expenditure 
elasticity for rice is less in rural areas compared to urban regions up to 
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the sixth expenditure class and reverse is the case after that class, 
indicating that the rural higher expenditure clases respond more to 
income changes than their urban counterparts. The higher expenditure 
elasticities of rice for high expenditure classes indicates that as 
expenditure increases the demand for rice increases. This may be due to 
variation in quality of rice that are consumed by different expenditure 
classes. At least for rural classes, as expenditure increases there is a 
tendency to buy more high quality rice. The wheat expenditure 
elasticities show a different result. This elasticity is less in urban 
areas than the rural areas for the lowest three classes. However, there 
is a similar pattern to that of rice after the sixth expenditure class. 
It is very clear for the coarse grains that rural expenditure 
elasticities are greater than the urban expenditure elasticities for all 
classes. This is due to the fact that coarse grains in general form a 
larger share of expenditures in rural households than in urban 
households. The differences in expenditure elasticities of coarse grains 
increase with the expenditure class. The pulses expenditure elasticities 
in general are also higher for rural regions than the urban regions. 
This is clearer from the fourth expenditure class, and is also the case 
for milk, oils and vegetables. For the commodity groups such as 
nonvegetarian foods, sugar, other food and nonfood though, the difference 
between rural and urban expenditure elasticities though differ 
inconsistent, a similarity in the pattern among these groups can be 
observed. For these commodity groups the rural expenditure elasticities 
are greater than that of urban elasticities after the fifth expenditure 
Table 5.38. Comparison of expenditure elasticities between rural and urban expenditure classes 
Expenditure Rice Wheat Coarse Grain Pulses Milk Oils 
Class R^ U R U R U R U R U R U 
1 0.767 0.962 1.231 1.121 0.532 0.327 1.044 1.211 2.126 2.214 1.312 1.214 
2 0.721 0.867 1.202 1.027 0.633 0.412 1.083 1.016 2.107 1.978 1.428 0.912 
3 0.691 0.818 1.159 0.912 0.616 0.371 1.023 1.103 2.231 1.583 1.527 0.831 
4 0.612 0.734 0.981 1.037 0.713 0.312 1.108 0.712 1.871 1.126 1.218 0.712 
5 0.534 0.644 0.872 0.968 0.887 0.228 1.023 0.677 1.876 1.012 1.231 0.671 
6 0.511 0.592 0.912 0.817 0.621 0.212 0.972 0.681 1.621 1.001 1.012 0.662 
7 0.471 0.347 0.812 0.481 0.516 0.212 0.881 0.477 1.253 0.583 0.912 0.311 
8 0.712 0.208 0.911 0.312 0.323 0.131 0.711 0.397 0.910 0.531 0.811 0.312 
9 0.812 0.181 0.861 0.256 0.411 -0.121 0.787 0.362 0.861 0.527 0.713 0.212 
10 0.761 0.121 0.712 0.217 0.231 -0.213 0.672 0.312 0.971 0.416 0.712 0.121 
®R=rural, U=urban. 
Table 5.38. Continued 
Expenditure Vegetables Nonvegetari an Sugar Other Food Nonfood 
Class R® U R U R U R U R U 
1 1.214 1.217 1.727 1.812 1.028 1.126 1.322 1.412 1.723 1.623 
2 1.116 1.012 1.635 1.612 1.010 1.312 1.210 1.712 1.213 1.516 
3 1.002 0.911 1.431 1.330 1.233 1.210 1.100 1.512 1.931 1.414 
4 0.937 0.911 0.986 0.971 1.272 0.612 1.024 0.771 1.872 1.217 
5 0.831 0.912 0.872 0.961 1.021 0.611 0.964 0.781 1.417 1.216 
6 0.921 0.910 0.911 0.912 0.732 0.581 0.812 0.712 1.327 1.181 
7 0.861 0.482 1.127 0.871 0.562 0.382 0.761 0.811 1.422 1.613 
8 0.761 0.412 0.927 0.811 0.312 0.313 0.712 0.716 1.213 1.733 
9 0.731 0.382 0.301 0.713 0.612 0.274 0.782 0.611 1.313 1.627 
10 0.776 0.312 0.612 0.611 0.712 0.213 0.666 0.517 1.132 1.572 
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class except for nonfood groups for which the rural elasticities are 
lesser than the urban for the higher expenditure classes. 
Comparison of own price elasticities 
The own price elasticities of the food commodities for the rural and 
urban expenditure classes are given in Table 5.39 for comparison. Rural 
households show a lesser price response for rice up to class four and 
higher price response thereafter than urban expenditure classes. Similar 
is the case with wheat but the pivotal expenditure level is the sixth. 
This indicates that at least for lower expenditure classes, urban 
households are in general more responsive to wheat and rice price changes 
than the rural households. For the changes in the price of coarse grains 
rural households are more responsive than the urban households for all 
expenditure classes. The differences in own price elasticities for 
pulses, milk, vegetables, and nonvegetarian foods are similar to that of 
rice and wheat; urban lower expenditure clases are more responsive to 
their prices than the rural classes. 
Except for expenditure classes 4 and 5, all the rural households 
respond less to the price of oil than the urban households. The sugar 
demand shows a reverse pattern to that of rice; for the lowest three 
expenditure classes, urban households are less responsive to prices than 
the rural households. The pattern of differences in own price 
elasticities among rural and urban households for "other food" group is 
similar to that of coarse grains; rural households are more responsive 
than urban households for all the expenditure classes. While significant 
Table 5.39. Comparison of own price elasticities between rural and urban expenditure classes 
Expend. Rice Wheat Coarse Grain Pulses Milk Oils 
Class U R U R U R U R U R U 
1 -0.772 -0.921 -0.051 -0.971 -0.661 -0.310 -0.718 -0.962 -0.421 -0.671 -0.010 -0.120 
2 -0.832 -1.021 -0.063 -1.102 -0.672 -0.210 -0.512 -0.960 -0.246 -0.823 -0.009 -0.211 
3 -0.721 -0.977 -0.078 -0.911 -0.062 -0.231 -0.613 -0.761 -0.182 -0.911 -0.012 -0.230 
4 -0,621 -0.821 -0.212 -0.811 -0.712 -0.271 -0.512 -0.671 -0.104 -0.861 -0.526 -0.371 
5 -0.583 -0.392 -0.371 -0.912 -0.231 -0.123 -0.627 -0.712 -0.590 -0.983 -0.604 -0.352 
6 -0.671 -0.392 -0.481 -0.811 -0.212 -0.112 -0.762 -0.612 -1.012 -1.111 -0.251 -0.760 
7 -0.732 -0.371 -0.561 -0.871 -0.121 -0.110 -0.621 -0.661 -0.920 -0.861 -0.261 -0.712 
8 -0.811 -0.311 -0.762 -0.712 -0.110 -0.131 -0.712 -0.511 -0.871 -0.712 -0.211 -0.663 
9 -1.201 -0.271 -0.819 -0.631 -0.121 -0.012 -0.578 -0.413 -1.084 -0.671 -0.094 -0.512 
10 -0.671 -0.211 -0.812 -0.531 -0.121 -0.010 -0.511 -0.312 -0.612 -0.512 -0.312 -0.417 
^R=rural, U=urban. 
Table 5.39. Continued 
Expend. Vegetables Nonvegetarian Sugar Other Food Non Food 
Class R® U R U R U R U R U 
1 -0.672 -0.712 -1.120 -1.378 -0.712 -0.672 -0.932 -0.781 -1.212 -1.313 
2 -0.599 -0.801 -0.967 -1.261 -0.641 -0.515 -0.963 -0.671 -2.171 -1.511 
3 -0.871 -0.912 -0.812 -1.012 -0.512 -0.627 -1.102 -0.718 -1.313 -1.123 
4 -0.611 -0.451 -0.715 -0.992 -0.439 -0.577 -1.178 -0.782 -1.412 -1.427 
5 -0.810 -0.412 -0.820 -0.968 -0.462 -0.537 -1.310 -0.738 -1.312 -1.312 
6 -0.732 -0.618 -1.130 -0.938 -0.767 -0.803 -1.241 -0.895 -1.717 -1.118 
7 -0.617 -0.571 -1.212 -0.819 -0.412 -0.811 -1.121 -0.712 -1.627 -1.013 
8 -0.717 -0.512 -1.107 -0.812 -0.312 -0.214 -0.917 -0.701 -1.121 -1.011 
9 -0.487 -0.412 -0.660 -0.711 -0.071 -0.214 -0.759 -0.612 -1.313 -1.030 
10 -0.911 -0.319 -0.782 -0.616 -0.312 -0.212 -0.731 -0.516 -1.121 -1.212 
®R-rural, U=urban. 
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differences exist in the own price elasticity estimates for nonfood 
between rural and urban consumers, there is no evidence of a clear pattern 
among expenditure classes. To summarize, for rice, wheat, pulses, milk, 
vegetables, and nonvegetarian food urban lower expenditure classes are 
more responsive to their own prices than rural consumers. For coarse 
grains and other foods all the rural households respond rrore than the 
urban households; while for sugar, the pattern is reversed to that of 
rice, and the demand for oil and nonfood shows an irregular pattern. 
Analysis of Nutrient Elasticities Among Expenditure Classes 
The elasticity estimates of demand with respect to own price, cross 
price, and income provide information on changes in the quantity of intake 
of various food commodities. However, they do not indicate the direction 
and magnitude of possible changes in the nutritional intake due to changes 
in prices and income. From the point of view of nutritional policies such 
information is crucial, since various foods contain different levels of 
calories, protein, and other essential micro-nutrients. The methods of 
deriving nutrient elasticities were discussed in Chapter IV and a brief 
review of earlier studies that calculated such elasticities were presented 
in Chapter II. For the present study the nutrient expenditure elastici­
ties and nutrient price elasticities were calculated for nine nutrients 
considered essential from the nutritional point of view for ten expendi­
ture classes separately in rural and urban regions. The elasticities were 
calculated for the following nutrients: energy, protein, calcium, iron, 
carotene, thiamine, riboflavin, niacin, and ascorbic acid. Most of the 
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earlier studies concentrated on energy and protein for calculating 
nutrient elasticities with the exception of Pitt (1983) and Behrman and 
Deolalikar (1987). The indirect method of deriving nutrient elasticities 
from the demand elasticities was followed since the latter were already 
available from the first stage of estimations. 
Nutrient expenditure elasticities-rural and urban 
Nutrient expenditure elasticities provide information on how changes 
in total expenditure influence the intake of certain nutrients. This 
enables the policy maker to formulate policies that increase income in 
such a way that these policies will increase the nutrient intake in which 
the households are malnourished. The nutrient expenditure elasticities 
for nine nutrients for ten expenditure classes are given in Table 5.40. 
In general, most of the nutrient expenditure elasticities are less than 
proportional with the few exceptions being energy, protein and calcium 
among low and middle expenditure classes. 
The expenditure elasticity of energy declines with expenditure 
class. This is consistent with observations of Pitt (1983) where only 
two expenditure classes were used for comparison. He also found a 
similar trend for eight other nutrients. However, for other nutrients in 
this study, this general pattern does not hold. For lower expenditure 
classes, there is an increase in the response as expenditure class 
increases up to the fifth expenditure class and there is a decline in the 
elasticity estimates after this class. This may be due to the fact that 
the lower expenditure classes largely depend on the cereals for their 
Table 5.40. Nutrient expenditure elasticity by expenditure classes - rural 
Nutrient 1 2 3 4 5 6 7 8 9 10 
Energy 1. 121 1. 033 0. 824 0. 921 0. 871 0. 761 0. 692 0. 634 0. 596 0. 442 
Protein 0. 764 0. 926 0. 792 1. 021 1. 212 0. 981 0. 821 0. 691 0. 640 0. 522 
Calcium 0. 985 1. 021 1. 087 1. ,132 1. 314 1. 212 0. 963 0. 712 0. 661 0. 313 
Iron 0. 566 0. 512 0. 608 0. ,783 0. 821 0. 752 0. 611 0. 511 0. 428 0. 412 
Carotene 0. 487 0. 613 0. 801 0. ,887 0. 711 0. 813 0. 932 0. ,917 0. 712 0. 623 
Thiamine 0. 521 0. 571 0. 650 0. .742 0. 817 0. 762 0. 621 0. ,513 0. 504 0. 514 
Riboflavin 0, ,610 0. ,712 0. 793 0, .784 0. ,777 0. ,712 0. 652 0. .513 0. ,483 0. 373 
Niacin 0. 512 0. ,663 0. 764 0, .763 0. ,763 0. ,714 0. 723 0. .711 0. ,716 0. 678 
Ascorbic Acid 0. ,311 0. .681 0. ,725 0 .781 0. .812 0, .831 0. ,781 0, .701 0. .637 0. ,587 
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nutritional needs and by increasing in them increase only energy, a major 
constituent without increasing other nutrients to the same extent. 
However, as total expenditure increases, the expenditure on other foods 
like milk, vegetables, and nonvegetarian foods increases thereby 
increasing the intake of other micro-nutrients which are present in these 
foods. This continues only up to a certain level of increase in 
expenditure. After the fifth expenditure class, there is a decline in the 
response of intake of these nutrients along with energy with an increase 
in the expenditure class, which is in agreement with other studies (Pitt, 
1983 and Sahn, 1988). The nutrient expenditure elasticities range from 
0.311 for ascorbic acid for the lowest expenditure class to 1.314 for 
calcium for the fifth expenditure class. For the expenditure classes 
between two and six, the intake of protein and calcium shows a very high 
response to income changes which, along with elasticities for other 
nutrients, indicates that there is a vast potential for improvements in 
nutrition with increases in income. 
The nutrient, expenditure elasticities of nine nutrients for ten urban 
expenditure classes are given in Table 5.41. In general, most of the 
nutrient expenditure elasticities are less than one with two exceptions-
energy in class 1 and calcium in class 6. The trend in energy expenditure 
elasticity is similar to that of rural regions, decreasing in value with 
expenditure class. However, the expenditure elasticities of nutrients 
such as protein, calcium, iron, and carotene show a reverse pattern, 
increasing in value with the expenditure classes. Nutrients such as 
thiamine, riboflavin, and ascorbic acid have the same trend as that of 
Table 5.41. Nutrient expenditure elasticity by expenditure classes - urban 
Nutrient 1 2 3 4 5 6 7 8 9 10 
Energy 1.005 0. 981 0.957 0. 897 0.879 0.712 0. 595 0.461 0. 410 0.311 
Protein 0.613 0. 712 0.732 0. 811 0.832 0.841 0. 911 0.962 0. 912 0.931 
Calcium 0.817 0. 867 0.932 0. 912 0.973 1.013 0. 931 0.937 0. 977 0.913 
Iron 0.517 0. 671 0.523 0. 682 0.712 0.738 0. 818 0.621 0. 712 0.813 
Carotene 0.581 0. 516 0.678 0. 693 0.701 0.731 0. 813 0.731 0. 714 0.914 
Thiamine 0.422 0. 611 0.713 0. 813 0.916 0.741 0. 581 0.532 0. 451 0.414 
Riboflavin 0.596 0. 605 0.682 0. ,712 0.892 0.711 0. ,701 0.691 0. 514 0.501 
Niacin 0.532 0. 541 0.561 0. ,522 0.513 0.414 0. 512 0.561 0. 504 0.516 
Ascorbic Acid 0.412 0. .420 0.432 0. .417 0.416 0.587 0. .677 0.682 0. 512 0.562 
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their rural counterparts; the elasticities increasing up to the fifth 
expenditure classes, while niacin shows very little change with the 
expenditure classes. The expenditure elasticities ranged from 0.412 for 
ascorbic acid in the lowest expenditure class to 1.013 for calcium in the 
sixth expenditure class. These results indicate that though the urban 
response is, in general, less than the rural responses for most of the 
classes, the impact of nutrition increase could also be profound for most 
of the nutrients in urban expenditure classes. 
Analysis of Food Price-Nutrient Elasticities 
The food demand elasticities presented in the previous section 
provide information on the response of food intake to any change in food 
prices but do not directly provide information on the resulting intake of 
nutrients. In analyzing price policies that influence nutritional intake 
of some or all the essential nutrients, though the subsidization policy 
may increase the consumption of a particular food, it is often difficult 
to predict the direction of the change in the nutrient intake contained 
in that food. If there is strong substitution between food commodities 
and foods being substituted for are important sources of nutrients, the 
net effect of a subsidy on nutrient intake may be negative. Information 
on the response of nutrient intake to any change in prices of food 
commodities for rural and urban expenditure classes are presented and 
discussed in this section. 
Table 5.42. Food price-nutrient elasticities - rural expenditure class 1 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.827 -0.511 -0.521 -0.211 -0.121 -0.221 -0.262 -0.312 -0,172 
Wheat -0.211 -0.161 -0.090 -0.091 -0.076 -0.041 -0.061 -0.060 -0.117 
Coarse Grains -0.712 -0.311 -0.201 -0.091 -0.101 -0.086 0.019 -0.362 0.181 
Pulses -0.113 -0.310 -0.011 -0.012 -0.016 -0.041 0.046 -0.081 -0.112 
Milk Products -0.005 -0.014 -0.121 -0.081 -0.011 -0.100 -0.101 -0.082 -0.011 
Oils and Fats -0.028 -0.077 -0.031 -0.091 -0.013 -0.016 -0.021 -0.031 0.018 
Vegetables/Fruits -0.014 -0.016 -0.031 -0.017 0.011 -0.006 -0.021 0.028 -0.017 
Nonvegetarian -0.016 -0.107 -0.301 -0.021 -0.017 -0.012 -0.013 -0.016 0.017 
Sugar -0.020 -0.011 -0.017 -0.016 -0.011 -0.031 -0.031 -0.027 0.017 
Other Food -0.079 -0.038 -0.110 0.031 -0.013 -0.016 -0.016 -0.002 0.002 
Nonfood -0.002 -0.004 . -0.012 -0.001 0.013 -0.014 0.015 -0.062 -0.001 
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Rural expenditure class 1 
As expected, most of the food price-nutrient elasticities presented 
in Table 5.42 for the lowest rural expenditure class (class 1) have 
negative signs. This indicates that an increase in the price of a food 
commodity would result in a decrease in the nutrients corresponding to 
it. The greatest food price energy elasticity in absolute value for this 
expenditure is for rice, followed by coarse grains. This is due to the 
fact that rice and coarse grains are the leading sources of energy for 
this expenditure class. Rice also has the highest elasticity for most of 
the other nutrients. Though the expenditure share of wheat is very low 
for these households, the price of wheat influences the intake of all the 
nutrients. Only rice, wheat, and milk have all estimates with negative 
signs indicating that the subsidization of one of these commodities will 
increase the intake of all the nutrients analyzed in this study. 
There are some positive elasticities which imply that an increase in 
the price of the respective food will increase consumption of these 
nutrients. It is interesting to note that for this class protein and 
calcium intake respond more to rice and coarse grain prices than the 
prices of pulses or milk. Most of the other food price elasticities are 
less than 0.10, the notable exceptions being calcium to the price of 
nonvegetarian foods and niacin to the price of coarse grains. 
Rural expenditure class 2 
The nutrient intake response to the price of rice is also the 
largest among all the prices for this expenditure class as shown in Table 
Table 5.43. Food price-nutrient elasticities - rural expenditure class 2 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.801 -0.413 -0.514 -0.165 -0.117 -0.211 -0.282 -0.161 -0.161 
Wheat -0.112 -0.121 -0.091 -0.036 -0.017 -0.031 -0.051 -0.020 -0.172 
Coarse Grains -0.612 -0.312 -0.211 -0.112 -0.116 -0.091 -0.171 -0.312 -0.116 
Pulses -0.091 -0.213 -0.116 -0.021 0.001 -0.042 -0.043 0.086 -0.162 
Milk Products -0.071 -0.034 -0.210 -0.080 0.009 0.101 0.103 -0.092 -0.012 
Oils and Fats -0.029 -0.097 -0.206 -0.152 0.012 -0.122 -0.115 -0.016 -0.018 
Vegetables/Fruits -0.012 -0.019 -0.021 -0.017 -0.010 -0.005 -0.023 -0.020 -0.019 
Meat, Eggs, Fish -0.024 -0.102 -0.301 -0.028 -0.011 0.003 -0.003 0.007 -0.005 
Sugar -0.011 -0.006 -0.012 -0.035 -0.012 -0.027 -0.023 -0.020 0.011 
Other Food 0.004 -0.037 -0.110 -0.021 -0.014 -0.018 -0.017 0.001 0.001 
Nonfood -0.001 -0.003 -0.012 -0.010 -0.015 -0.001 0.013 0.012 0.001 
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5.43. In general there is a decline in response to most of the prices. 
The signs are negative" for all the nutrients for rice, wheat, and coarse 
grains. Once again more response of calcium and protein intake are from 
the prices of rice and coarse grains than that of pulses or milk. Most of 
the other price elasticities are less than 0.10 with the exception of 
calcium to the price of nonvegetarian food, similar to that in class 1. 
Rural expenditure class 3 
The food price-nutrient elasticities for rural expenditure class 3 
are given in Table 5.44. While most of the estimates have negative signs, 
there is a reduction in most of the values of estimates compared to 
classes 1 and 2, indicating so far that there is a reduction in price 
response with expenditure class to the intake of nutrients. The price of 
rice continues to be the major source of influence in nutrition intake. 
For this expenditure group rice, wheat, milk and vegetables have the signs 
negative for all nutrients. The price of pulses and milk influence intake 
of protein and calcium, respectively, more than any other price except for 
rice. Most of the other price elasticities are less than 0.1 in absolute 
value. 
Rural expenditure class 4 
There is a sudden decline in the response of energy intake to the 
prices of rice and coarse grains, while an increase in the same due to the 
price of wheat for expenditure class 4, can be seen from Table 5.45. The 
highest protein elasticity is for pulses followed by milk products 
Table 5.44. Food price-nutrient elasticities - rural expenditure class 3 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.716 -0.312 -0.512 -0.161 -0.116 -0.210 -0.261 -0.406 -0.061 
Wheat -0.212 -0.110 -0.071 -0.011 -0.013 -0.012 -0.041 -0.018 -0.001 
Coarse Grains -0.514 -0.217 -0.097 -0.071 -0.101 -0.082 -0.161 -0.210 0.011 
Pulses -0.121 -0.227 -0.001 -0.012 0.001 -0.051 0.001 -0.071 0.010 
Milk Products -0.020 -0.014 -0.217 -0.071 -0.009 -0.100 -0.101 -0.081 -0.012 
Oils and Fats -0.033 -0.061 -0.197 -0.082 0.011 -0.121 -0.121 -0.011 0.013 
Vegetables/Fruits -0.011 -0.017 -0.170 -0.016 -0.018 0.006 -0.013 -0.021 -0.001 
















Other Food 0.119 -0.021 -0.112 -0.032 -0.015 -0.019 -0.013 -0.010 0.001 
Nonfood -0.003 -0.001 -0.013 -0.021 -0.016 -0.003 0.001 -0.002 -0.003 
Table 5.45. Food price-nutrient elasticities - rural expenditure class 4 
Energy Protein Cal ci urn Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.297 -0.065 -0.126 -0.201 -0.111 -0.194 -0.101 -0.011 -0.012 
Wheat -0.710 -0.056 -0.028 -0.036 -0.012 -0.040 -0.043 -0.022 -0.001 
Coarse Grains -0.341 -0.072 -0.023 -0.041 -0.016 -0.041 -0.012 -0.011 0.010 
Pulses -0.055 -0.132 -0.144 -0.001 0.011 -0.020 -0.011 0.051 0.003 
Milk Products -0.053 -0.115 -0.312 -0.067 0.010 -0.083 0.086 -0.070 -0.012 
Oils and Fats -0.008 -0.061 -0.157 -0.126 -0.021 -0.092 -0.013 -0.016 0.011 
Vegetables/Fruits -0.001 -0.032 -0.036 "0.026 -0.013 0.004 -0.012 0.001 -0.001 
Meat, Eggs, Fish -0.047 -0.033 -0.216 -0.024 -0.018 -0.054 -0.067 -0.061 0.016 
Sugar -0.024 -0.028 -0.057 -0.009 -0.016 0.001 -0.011 0.021 -0.017 
Other Food 0.015 -0.027 -0.096 -0.014 -0.014 -0.010 -0.007 -0.023 0.001 
Nonfood 0.001 -0.002 -0.012 -0.001 -0.016 0,001 -0.002 -0.014 0.003 
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indicating the reduced dependency for protein of cereals. Likewise, the 
highest calcium elasticity is for milk followed by nonvegetarian food and 
pulses. However, rice and wheat continue to have the signs of all 
nutrients negative, so that a subsidy as it would influence the intake of 
all the nutrients. 
Rural expenditure class 5 
While the energy elasticity was the highest for wheat in class 4, 
there is a switch again to rice for expenditure class 5. The food price-
nutrient elasticities for this class are presented in Table 5.46. There 
is a decline in the nutrient intake response to wheat prices except for 
protein. Protein elasticity is the highest for milk products followed by 
pulses and nonvegetarian foods. Calcium elasticity is the highest for 
meat, eggs, and fish followed by milk products. Higher values of price 
elasticities for other nutrients can be observed for this class: the iron 
elasticity for vegetables and nonvegetarian food, and the riboflavin 
elasticity for milk products, vegetables and nonvegetarian foods. This is 
again an indication of reduction in the dependency on cereals to other 
foods for essential nutrients. 
Rural expenditure class 6 
Table 5.47 presents the food price-nutrient elasticities for rural 
expenditure class 6. There is a decline in rice and coarse grain price 
responses to energy intake while an increase in the price response of 
wheat. The price of milk products have the highest influence on intake of 
Table 5.46. Food price-nutrient elasticities - rural expenditure class 5 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.534 -0.127 -0.111 -0.191 -0.101 -0.082 -0.212 -0.010 -0.011 
Wheat -0.217 -0.116 -0.031 -0.017 -0.011 -0.024 -0.052 -0.012 0.001 
Coarse Grains -0.311 -0.012 -0.016 -0.015 -0.012 -0.012 -0.016 -0.013 -0.012 
Pulses -0.210 -0.171 -0.011 -0.011 -0.016 -0.016 -0.013 -0.056 -0.013 
Milk Products -0.078 -0.211 -0.301 -0.012 -0.116 -0.071 -0.121 -0.071 0.006 
Oils and Fats -0.041 -0.012 -0.117 -0.101 -0.011 -0.091 -0.061 -0.015 -0.012 
Vegetables/Fruits -0.017 -0.123 -0.012 -0.172 -0.027 -0.012 -0.161 0.003 -0.017 
Meat, Eggs, Fish -0.024 -0.162 -0.316 -0.183 -0.017 -0.067 -0.178 -0.062 0.011 
Sugar -0.044 -0.018 -0.061 -0.012 -0.018 0.001 -0.012 -0.014 -0.012 
Other Food -0.128 -0.016 -0.067 -0.015 0.010 -0.007 -0.006 -0.021 -0.003 
Nonfood -0.002 -0.011 -0.013 -0.002 0.061 -0.002 0.001 -0.015 0.004 
Table 5.47. Food price-nutrient elasticities - rural expenditure class 6 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.412 -0.112 -0.113 -0.161 -0.091 -0.091 -0.172 0.011 0.012 
Wheat -0.512 -0.178 -0.028 -0.016 -0.012 -0.032 -0.062 -0.010 -0.002 
Coarse Grains -0.211 -0.013 -0.041 -0.011 -0.013 -0.016 -0.017 -0.014 0.014 
Pulses -0.117 -0.081 -0.017 -0.013 -0.017 -0.082 -0.011 -0.056 -0.012 
Milk Products -0.068 -0.262 -0.411 -0.101 -0.216 -0.121 -0.188 -0.081 -0.013 
Oils and Fats -0.216 -0.061 -0.161 -0.201 -0.012 -0.081 -0.011 -0.023 -0.007 
Vegetables/Fruits -0.017 -0.161 -0.062 -0.211 -0.031 -0.116 -0.181 -0.121 -0.101 
Meat, Eggs, Fish -0.121 -0.182 -0.316 -0.261 -0.111 -0.171 -0.166 -0.161 -0.117 
Sugar -0.016 -0.016 -0.017 -0.013 -0.016 -0.010 -0.016 -0.018 -0.012 
Other Food -0.166 -0.011 -0.016 -0.017 -0.010 -0.006 -0.004 -0.021 0.001 
Nonfood -0.003 -0.001 -0.012 0.001 0.002 -0.010 0.007 -0.011 0.007 
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protein, followed by the prices of nonvegetarian foods, wheat, and 
vegetables. The protein elasticity for pulses show a very poor response. 
The price of milk influences the intake of calcium the most, followed by 
the price of nonvegetarian food. A notable feature of the elasticities 
for this expenditure class is that most of the vitamins' price responses 
and minerals' price responses are of higher magnitude than the previous 
classes for milk, vegetables, and nonvegetarian foods. 
Rural expenditure class 7 
Wheat prices continue to have the highest response for energy intake 
followed by rice price and coarse grain price for expenditure class 7 as 
can be seen from Table 5.48. The protein elasticities for milk and 
nonvegetarian foods are similar and the highest of all foods followed by 
coarse grains and wheat. Milk price continues to be a prime influence on 
the intake of calcium followed by nonvegetarian foods and by rice and 
vegetables with similar elasticities. The intake of carotene, thiamine, 
riboflavin, and ascorbic acid are significantly influenced by the prices 
of milk, vegetables and nonvegetarian foods. Even for this expenditure 
class, as in previous classes, rice and wheat have the highest number of 
significant elasticities for all the nutrients. 
Rural expenditure class 8 
Table 5.49 presents the food price-nutrient elasticities for rural 
expenditure class 8. Energy elasticities of rice, wheat, and coarse 
grains show a decline, indicating the general trend observed with the 
Table 5.48. Food price-nutrient elasticities - rural expenditure class 7 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.246 -0.127 -0.212 -0.132 -0.012 -0.210 -0.216 -0.035 -0.043 
Wheat -0.717 -0.185 -0.101 -0.311 -0.010 -0.201 -0.206 -0.011 -0.016 
Coarse Grains -0.217 -0.187 -0.102 -0.018 -0.021 -0.211 -0.131 -0.013 0.016 
Pulses -0.010 -0.015 -0.037 -0.014 -0.011 -0.093 -0.112 0.012 -0.012 
Milk Products -0.069 -0.211 -0.312 -0.117 -0.210 -0.113 -0.167 -0.091 -0.211 
Oils and Fats -0.031 -0.017 -0.021 -0.011 -0.017 -0.121 -0.121 -0.050 0.012 
Vegetables/Fruits -0.008 -0.102 -0.212 -0.091 -0.211 -0.161 -0.132 0.017 -0.181 
Meat, Eggs, Fish -0.009 -0.211 -0.261 -0.081 -0.168 -0.216 -0.211 -0.101 -0.212 




 1 -0.051 0.001 
Other Food -0.084 -0.073 -0.067 -0.171 -0.019 0.008 -0.016 -0.038 -0.010 
Nonfood -0.048 -0.008 0.006 -0.016 -0.071 0.006 -0.003 0.001 -0.008 
Table 5.49. Food price-nutrient elasticities - rural expenditure class 8 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.112 -0.201 -0.308 -0.403 -0.121 -0.362 -0.365 -0.045 -0.052 
Wheat -0.619 -0.186 -0.102 -0.339 -0.011 -0.312 -0.261 -0.170 -0.017 
Coarse Grains -0.141 -0.110 -0.103 -0.013 -0.014 -0.111 -0.121 0.011 0.012 
Pulses -0.035 -0.045 -0.135 -0.108 -0.016 -0.090 -0.054 -0.057 0.013 
Milk Products -0.027 -0.011 -0.038 -0.115 -0.210 -0.118 -0.118 0.091 -0.014 
Oils and Fats -0.037 -0.015 -0.106 -0.021 -0.016 -0.025 -0.004 -0.052 -0.112 
Vegetables/Fruits 0.012 -0.071 -0.114 -0.086 -0.217 -0.067 -0.054 0.027 -0.116 
Meat, Eggs, Fish -0.084 -0.028 -0.142 -0.075 -0.178 -0.092 -0.094 -0.097 -0.121 
Sugar -0.081 -0.013 -0.052 -0.041 -0.012 -0.011 -0.020 -0.054 0.010 
Other Food -0,016 -0.108 -0.240 -0.145 -0.016 -0.127 -0.121 -0.033 0.001 
Nonfood -0.002 -0.001 -0.012 -0.011 -0.031 0.012 0.001 0.001 0.007 
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food elasticities that there is a decline in response of nutrient intake 
with the expenditure classes. Nutrients like calcium, carotene, and 
ascorbic acid have price elasticities that respond significantly to the 
prices of milk, vegetables and nonvegetarian foods. The prices of rice 
and wheat continue to have a high influence on the intake of most of the 
essential nutrients with all the signs negative. This implies, also, that 
for the higher expenditure classes the subsidies on rice and wheat would 
increase the nutritional intake of nutrients. 
Rural expenditure class 9 
Food price-nutrient elasticities presented in Table 5.50 for rural 
expenditure class 9, show a decline in energy price elasticities compared 
to previous classes. While most of the price elasticities are less than 
» 
0.10, there are some notable features; the price elasticity of vitamins 
like thiamine, riboflavin, and niacin are significantly higher for wheat 
than any other commodity; the price elasticities of calcium and carotene 
continue to be influenced by nonvegetarian prices. The intake of ascorbic 
acid is influenced by the prices of nonvegetarian foods, sugar, and other 
foods. Niacin price elasticity is higher for rice, followed by wheat, 
than any other commodity. 
Rural expenditure class 10 
Food price-nutrient elasticities for rural expenditure class 10 
presented in Table 5.51 show the lowest values of energy price 
elasticities for food grains among all classes. While the nutrient price 
Table 5.50. Food price-nutrient elasticities - rural expenditure class 9 
Energy Protein Cal ci urn Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.481 4X191 -0.087 -0.129 -0.012 0.065 0.006 -0.281 0.012 
Wheat -0.210 -0.261 -0.177 -0.382 -0.011 -0.313 -0.316 -0.254 0.016 
Coarse Grains -0.161 -0.112 -0.071 -0.161 0.013 -0.014 -0.141 0.161 0.018 
Pulses -0.001 -0.016 -0.106 0.008 0.013 0.061 0.027 0.021 -0.025 
Milk Products -0.045 -0.028 -0.021 -0.127 -0.117 -0.132 -0.127 -0.071 0.007 
Oils and Fats -0.021 -0.041 -0.132 0.002 -0.014 0.003 -0.031 0.019 0.001 
Vegetables/Fruits -0.016 -0.061 -0.105 -0.080 0.113 -0.061 0.047 -0.026 -0.018 
Meat, Eggs, Fish -0.016 -0.028 -0.198 -0.036 -0.231 -0.048 -0.041 0.035 -0.161 
Sugar -0.032 -0.015 -0.024 -0.060 -0.053 -0.045 -0.042 -0.013 -0.141 
Other Food -0.026 -0.118 -0.249 -0.151 -0.134 -0.129 -0.211 -0.013 -0.421 
Nonfood -0.001 -0.012 -0.016 -0.017 0.002 0.001 0.001 0.011 -0.016 
Table 5.51. Food price-nutrient elasticities - rural expenditure class 10 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.240 -0.121 -0.071 -0.116 -0.011 -0.002 -0.001 -0.161 -0.016 
Wheat -0.311 -0.221 -0.161 -0.211 -0.016 -0.211 -0.117 -0.212 0.017 
Coarse Grains -0.211 -0.012 -0.016 -0.011 -0.061 0.012 -0.017 -0.121 0.011 
Pulses -0.011 -0.101 -0.102 -0.010 -0.011 0.051 0.011 0.021 -0.011 
Milk Products -0.036 -0.011 -0.061 -0.112 -0.116 0.001 -0.002 0.011 0.001 
Oils and Fats -0.030 -0.012 -0.071 0.002 0.011 0.012 -0.001 -0.110 0.002 
Vegetables/Fruits -0.014 -0.041 -0.092 -0.016 -0.091 -0.011 -0.012 0.017 -0.016 
Meat, Eggs, Fish -0.018 -0.026 -0.091 -0.027 0.011 -0.023 -0.032 0.037 0.011 
Sugar -0.023 -0.011 -0.021 0.061 0.041 -0.032 -0.012 -0.011 -0.016 
Other Food -0.129 -0.011 -0.014 -0.061 -0.052 -0.046 -0.043 -0.014 -0.061 
Nonfood -0.002 -0.121 -0.114 -0.017 -0.112 -0.015 0.012 0.011 -0.017 
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elasticities of wheat are significant to some extent, they are the highest 
for all nutrients. The price elasticities of protein, calcium, and 
carotene for nonfood prices show an increase compared to all other classes 
indicating a mild cross price interaction of this group with foods that 
contain these nutrients. However, even for the highest expenditure class, 
the signs of estimates are negative for most of the nutrients. 
Although attention has recently been given to the analysis of the 
impact of food policies on the intake of essential minerals and vitamins 
that affect the nutrition and health of the household members, energy and 
protein continue to be the most widely used indicators of nutrition for 
development policy formulations (Greer and Thorbecke, 1986). A comparison 
of price elasticities of demand for energy and protein is made among three 
rural expenditure classes in Table 5.52. It can be noted that for all the 
expenditure classes the price elasticities of energy and protein have 
negative signs for all commodities. The energy elasticity of rice and 
coarse grains declines with expenditure class while that of wheat shows a 
slight increase. The protein elasticity also declines with expenditure 
class for rice, wheat, and coarse grains along with pulses. 
There are substantial differences in nutrient elasticities between 
the expenditure classes at least for food grains. There is insignificant 
response in the energy and protein intake to the price of other foods. 
However, for the middle expenditure classes the protein price elasticities 
are significant for milk, vegetables, and nonvegetarian foods. This was 
the case with expenditure class 4, 5, 6 and 7 where most of the price 
elasticities for essential vitamins and minerals were significant for 
Table 5.52. Comparison of food price elasticities for energy and protein - rural 
expenditure classes 
Rural Class 1 Rural Class 5 Rural Class 10 
Energy Protein Energy Protein Energy Protein 
Rice -0.827 -0.511 -0. 534 -0. 127 -0. 240 -0.121 
Wheat -0.211 -0.161 -0. 217 -0. 116 -0. 311 -0.221 
Coarse Grains -0.712 -0.311 -0. 311 -0. 012 -0. 211 -0.012 
Pulses -0.113 -n.310 -0. 210 -0. 171 -0. Oil -0.101 
Milk Products -0.005 -0.014 -0. 078 -0. 211 -0. 036 -0.011 
Oils and Fats -0.28 -0.077 -0. 041 -0. 012 -0. 30 -0.012 
Vegetables/Fruits -0.014 -0.016 -0. 017 -0. 123 -0. 014 -0.041 
Nonvegetarian Foods -0.016 -0.107 -0. 024 -0. 162 -0. 18 -0.026 
Sugar -0.020 -0.011 -0. 044 -0. 018 -0. 23 -0.011 
Other Food -0.079 -0.038 -n. ,128 -0. ,016 -0. ,129 -0.011 
Nonfood -0.002 -0.004 -0. ,002 -0. ,011 -0. ,002 -0.121 
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milk, vegetables, and nonvegetarian foods. This indicates, at least for 
the low expenditure classes (1, 2, 3), that increases in these essential 
nutrients should have to come from the intake of rice, wheat, and coarse 
grains. 
Food Price-Nutrient Elasticities for Urban Expenditure Classes 
Most earlier studies that attempted to estimate nutrition 
elasticities concentrated on rural households, partly due to the ready 
availability of data for rural areas in many developing countries from 
household surveys (Table 2.2). While estimates of food demand 
elasticities for urban households are available for India and other 
developing countries at least at the aggregate level, there is very 
limited information on the response of these households to nutrient intake 
on the changes in prices and income. The price and income elasticities of 
nutrients may be different for urban households than rural households due 
to differences in food habits and preferences. In this section the 
estimates of food price-nutrient elasticities are presented for nine 
nutrients for ten urban expenditure classes. 
Urban expenditure class 1 
Table 5.53 presents the food price-nutrient elasticities for the 
lowest urban expenditure class (class 1). Most signs of the food price-
nutrient elasticities are negative for most of the nutrients with the few 
exceptions of riboflavin, niacin, and ascorbic acid. The energy 
elasticity is maximum for rice followed by coarse grains and wheat. The 
Table 5.53. Food price-nutrient elasticities - urban expenditure class 1 





-0.301 -0.501 -0.181 -0.121 -0.201 -0.251 -0.416 -0.063 
Wheat -0.411 -0.216 -0.067 -0.013 -0.014 -0.013 -0.033 -0.019 -0.006 
Coarse Grains -0.511 -0.216 -0.091 -0.061 -0.101 -0.081 -0.160 -0.012 -0.001 
Pulses -0.121 -0.216 -0.012 -0.071 -0.072 -0.001 -0.017 -0.081 0.014 
Milk Products -0.005 Ô o 00 -0.241 -0.017 -0.121 -0.176 -0.112 -0.191 -0.011 
Oils and Fats -0.037 -0.051 -0.116 -0.072 0.016 -0.116 -0.161 -0.013 -0.012 











Meat, Eggs, Fish -0.040 -0.108 -0.216 -0.012 -0.016 -0.003 0.007 -0.012 -0.012 
Sugar -0.025 -0.006 -0.014 -0.061 -0.021 -0.014 0.017 0.016 0.012 
Other Food -0.175 -0.027 -0.116 0.001 -0.023 -0.018 0.003 0.016 0.010 
Nonfood -0.006 -0.002 -0.031 -0.101 0.001 -0.012 . 0.003 0.011 0.004 
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protein elasticity is also maximum for rice and wheat, with coarse grains 
and pulses having similar estimates. It is interesting to note that for 
this expenditure class calcium intake is highly responsive to the price of 
rice than to the price of milk, though the calcium content of the latter 
is higher than that of the former. All the nutrient elasticities of 
rice, wheat, coarse grains and milk have negative signs indicating that a 
subsidy to one of these would increase the intake of all the nutrients. 
Rice has the most significant number of nutrient price elasticities 
(0.10) followed by milk. Most of the other nutrient price elasticities 
are insignificant, partly due to a large number of insignificant cross 
price elasticities among these food groups for this expenditure class as 
discussed in the earlier section. Thus, at least for this expenditure 
class, rice seems to be an appropriate commodity for food subsidies from 
the nutrition point of view. 
Urban expenditure class 2 
The nutrient price elasticities presented in Table 5.54 for the urban 
expenditure class 2 show that there is a decline in the energy intake 
response to the prices of rice and coarse grains, while there is an 
increase in that of wheat. Still, most of the nutrient price elasticities 
are maximum for rice including energy and protein price elasticities. 
Notably, the calcium price elasticity of milk is greater than that of 
rice, indicating the importance of milk in determining the intake of 
calcium for this expenditure class. The nutrient price elasticity of most 
of the other commodities, though they have an appropriate sign, are 
Table 5.54. Food price-nutrient elasticities - urban expenditure class 2 
Energy Protein Cal ci urn Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.612 -0.261 -0.178 -0.131 -0.182 -0.103 -0.014 -0.013 -0.007 
Wheat -0.568 -0.210 -0.021 -0.026 -0.071 -0.041 -0.212 -0.017 -0.019 
Coarse Grains -0.468 -0.092 -0.022 -0.016 -0.031 -0.012 -0.016 -0.161 -0.012 
Pulses -0.181 -0.224 -0.017 -0.011 -0.071 -0.082 -0.091 -0.016 0.017 
Milk Products -0.006 -0.116 -0.361 -0.101 -0.017 -0.071 0.017 -0.071 -0.016 
Oils and Fats -0.041 -0.071 -0.157 -0.137 -0.021 -0.091 0.072 0.016 -0.017 
Vegetables/Fruits -0.011 -0.034 -0.061 -0.031 0.014 0.003 -0.019 0.002 -0.002 
Meat, Eggs, Fish -0.012 -0.038 -0.072 -0.027 0.012 -0.061 -0.018 -0.071 0.019 
Sugar -0.078 -0.029 -0.067 0.009 -0.017 0.002 -0.016 0.031 -0.018 
Other Food -0.092 -0.031 -0.091 0.014 -0.016 -0.071 -0.009 -0.021 0.003 
Nonfood 
-0.004 -0.003 -0.014 -0.001 -0.002 -0.016 -0.003 -0.015 0.004 
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insignificant. This could due to the fact that for the lower 
expenditure" classes a major portion of nutrition comes from cereal intake, 
which reflects the low price response of the intake of nutrients which 
they contain in smaller amounts. Riboflavin, niacin,and ascorbic acid 
price elasticities for rice support such an argument. It could be noticed 
that the nutrient elasticities are, in general, less for this expenditure 
class compared to class 1. 
Urban expenditure class 3 
Rice and. milk continue to have the negative signs for all the 
nutrient elasticities as shown in Table 5.55 for urban expenditure class 
3. In general, there is a decline in the nutrient intake response for all 
food grain prices. Rice prices continue to have the highest influence on 
energy, intake followed by wheat and pulses. The price of pulses and price 
of milk, respectively, influence the intake of protein and calcium to a 
greater extent. There is a shift in the significance of the elasticities 
from the food grains to the prices of vegetables and nonvegetarian foods, 
at least for nutrients like protein, calcium, and iron. A similar shift 
was also observed among rural expenditure classes after class 5. This 
indicates that urban households in general change the pattern of nutrient 
intake faster as expenditure increases than their rural counterparts. 
Urban expenditure class 4 
A further reduction in the energy intake response to changes in the 
prices of all food grains can be seen from Table 5.56 for urban 
Table 5.55. Food price-nutrient elasticities - urban expenditure class 3 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.569 -0.138 -0.171 -0.161 -0.102 -0.081 -0.210 0.001 -0.013 
Wheat -0.511 -0.151 -0.021 -0.012 -0.017 -0.018 -0.061 -0.013 0.002 
Coarse Grains -0.411 -0.110 -0.017 -0.016 -0.013 -0.014 -0.017 -0.011 0.013 
Pulses -0.131 -0.217 -0.019 0.019 -0.071 -0.086 -0.061 -0.011 0.072 
Milk Products -0.005 -0.183 -0.303 -0.081 -0.091 -0.062 -0.071 -0.013 -0.003 
Oils and Fats -0.037 -0.013 -0.121 -0.171 -0.016 -0.082 -0.071 0.007 -0.012 
Vegetables/Fruits -0.031 -0.131 -0.016 -0.162 -0.021 -0.016 -0.101 0.012 -0.067 
Meat, Eggs, Fish -0.024 -0.117 -0.301 -0.212 -0.018 -0.071 -0.106 0.016 -0.091 
Sugar -0.018 -0.016 -0.013 -0.016 -0.012 0.002 -0.013 0.018 -0.061 
Other Food -0.126 -0.007 -0.109 -0.061 -0.071 0.013 -0.016 0.009 0.021 
Nonfood 
-0.003 -0.010 -0.016 -0.001 0.013 0.016 -0.091 -0.023 0.007 
Table 5.56. Food price-nutrient elasticities - urban expenditure class 4 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.416 -0.211 -0.208 -0.116 -0.171 -0.101 -0.126 -0.017 -0.008 




-0.071 -0.031 -0.112 -0.016 -0.012 
Coarse Grains -0.323 -0.117 -0.018 -0.012 -0.017 -0.017 -0.171 -0.017 -0.071 
Pulses -0.121 -0.216 -0.019 0.014 -0.061 0.002 -0.107 -0.061 0.003 
Milk Products -0.007 -0.163 -0.312 -0.103 -0.212 -0.112 -0.121 -0.014 0.042 
Oils end Fats -0.041 -0.018 -0.121 -0.217 -0.016 -0.016 -0.001 0.012 0.016 
Vegetables/Fruits -0.038 -0.141 -0.071 -0.116 -0.032 -0.171 0.021 0.072 0.019 
Meat, Eggs, Fish -0.034 -0.161 -0.381 -0.121 -0.101 -0.161 -0.120 0.016 -0.016 
Sugar -0.016 -0.071 -0.061 -0.071 -0.016 0.017 -0.116 0.041 -0.003 
Other Food -0.137 -0.012 -0.021 -0.210 -0.012 -0.101 -0.017 -0.071 -0.071 
Nonfood -0.004 -0.016 -0.013 -0.001 0.071 0.012 -0.002 0.007 0.003 
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expenditure class 4. Rice prices continue to show the highest influence 
on energy intake. While the protein elasticity is maximum for pulses, the 
calcium elasticity is maximum for nonvegetarian foods. Also, there are 
higher nutrient elasticities for milk, vegetables, and nonvegetarian foods 
indicating their influence on nutrients other than energy. Rice prices 
still have higher elasticities for most of the nutrients. 
Urban expenditure class 5 
Table 5.57 presents the nutrient elasticities for urban expenditure 
class 5. While there is a reduction in nutrient intake response to the 
rice, coarse grain, and pulses prices, the nutrient price elasticity of 
wheat shows an increase. The influence of prices of milk, vegetables, and 
nonvegetarian foods on intake of nutrients such as protein, calcium, iron, 
carotene, thiamine, and riboflavin is stronger for this expenditure 
class. 
Urban expenditure class 6 
Table 5.58 presents the nutrient elasticities for urban expenditure 
class 6. The energy elasticities of rice and pulses show a decline while 
that of wheat and coarse grains show an increase. It is interesting to 
note that for this expenditure class, unlike the classes previously 
discussed, the nutrient price elasticities for protein, calcium, iron, 
thiamine, riboflavin, and niacin are significantly influenced by the price 
of wheat. The protein and calcium elasticities are higher for milk than 
any other commodity. Nutrient elasticities are also influenced by the 
Table 5.57. Food price-nutrient elasticities - urban expenditure class 5 
Energy Protein Cal ci urn Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.310 -0.137 -0.213 -0.113 -0.191 -0.162 -0.072 -0.036 -0.041 
Wheat -0.412 -0.195 -0.107 -0.020 -0.091 -0.201 -0.121 0.073 0.016 
Coarse Grains -0.211 -0.175 -0.112 -0.031 -0.076 -0.218 -0.101 -0.014 0.061 
Pulses -0.131 -0.120 -0.041 -0.016 -0.010 -0.069 -0.011 -0.013 0.012 
Milk Products -0.088 -0.217 -0.313 -0.217 -0.201 -0.112 -0.123 -0.092 -0.021 
Oils and Fats -0.077 -0.016 -0.031 -0.016 -0.019 -0.103 -0.016 -0.056 -0.003 
Vegetables/Fruits -0.092 -0.122 -0.141 -0.261 -0.211 -0.171 -0.117 0.018 0.017 
Meat, Eggs, Fish -0.005 -0.217 -0.162 -0.171 -0.178 -0.217 -0.210 0.012 0.021 
Sugar -0.082 -0.017 -0.071 -0.014 -0.071 -0.016 -0.091 0.016 0.003 
Other Food -0.286 -0.083 -0.067 -0.016 -0.091 0.009 0.012 -0.121 0.013 
Nonfood -0.015 -0.009 ' 0.008 -0.071 0.002 0.007 -0.003 0.002 0.009 
Table 5.58. Food price-nutrient elasticities - urban expenditure class 6 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.217 0.119 -0.261 -0.312 -0.121 -0.317 -0.368 -0.046 -0.051 
Wheat -0.511 -0.161 -0.112 -0.310 -0.012 -0.281 -0.217 -0.162 -0.016 
Coarse Grains -0.191 -0.112 -0.102 -0.014 -0.016 -0.121 -0.131 0.003 -0.014 
Pulses -0.019 -0.105 -0.141 -0.101 -0.014 -0.090 -0.064 0.027 -0.016 
Milk Products -0.057 -0.412 -0.381 -0.121 -0.201 -0.112 -0.116 -0.012 -0.113 
Oils and Fats -0.001 -0.019 -0.002 -0.073 -0.071 -0.026 -0.006 -0.056 0.012 
Vegetables/Fruits -0.007 -0.123 -0.116 -0.092 -0.227 -0.071 -0.064 -0.021 0.017 
Meat, Eggs, Fish -0.012 -0.147 -0.152 -0.116 -0.168 -0.083 -0.095 -0.096 0.003 
Sugar -0.052 -0.017 -0.067 -0.078 -0.013 -0.012 -0.021 -0.054 0.013 
Other Food -0.116 -0.091 -0.210 -0.031 -0.010 -0.016 -0.131 -0.031 0.042 
Nonfood -0.051 -0.003 -0.013 0.002 -0.034 0.013 0.002 0.003 -0.012 
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prices of vegetables and nonvegetarian foods. There is some influence of 
price of "other foods" on the intake of energy, calcium, and riboflavin. 
Urban expenditure class 7 
The estimates of nutrient elasticities presented in Table 5.59 for 
the urban expenditure class 7 show that there is an increase in the 
energy, protein, and calcium intake responses due to changes in wheat 
price, while the influence of rice and coarse grain prices declined. The 
energy elasticities of coarse grains and "other foods" are similar. Milk 
price is no longer the prime determinant of calcium intake, the role being 
taken by prices of nonvegetarian foods. All the cereals' prices, however, 
continue to influence the intake of all nutrients in the opposite 
direction. 
Urban expenditure class 8 
The price of wheat continues to influence the intake of most of the 
nutrients in urban expenditure class 8 as given in Table 5.60. The price 
elasticities of energy, protein, calcium, and iron are the higher for 
wheat than for any other commodity. This is a reversal of the role from 
rice in the lower expenditure classes. Most of the other nutrient price 
elasticities with proper signs are insignificant. 
Urban expenditure class 9 
There is a sudden decline in the energy elasticity of wheat compared 
to previous classes for the urban expenditure class 9, as presented in 
Table 5.59. Food price-nutrient elasticities - urban expenditure class 7 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.169 -0.181 -0.091 -0.109 -0.013 0.012 0.007 -0.291 -0.013 
Wheat -0.611 -0.212 -0.161 -0.211 -0.012 -0.311 -0.301 -0.125 0.012 
Coarse Grains -0.171 -0.101 -0.082 -0.176 -0.014 -0.016 -0.141 -0.171 -0.016 





Milk Products -0.029 -0.113 -0.032 -0.161 -0.112 0.002 -0.032 -0.011 0.021 
Oils and Fats -0.053 -0.051 -0.141 -0.001 -0.016 0.012 -0.046 -0.016 0.009 
Vegetables/Fruits -0.005 -0.061 -0.115 -0.076 -0.121 -0.102 -0.012 0.002 0.003 
Meat, Eggs, Fish -0.005 -0.012 -0.192 -0.041 -0.216 -0.131 -0.041 0.016 0.018 
Sugar -0.041 -0.016 -0.036 -0.063 -0.057 -0.045 -0.012 0.012 -0.162 
Other Food -0.178 -0.116 -0.124 -0.161 -0.161 -0.129 -0.021 0.012 0.141 
Nonfood -0.049 -0.013 -0.016 -0.016 -0.012 -0.001 -0.001 0.010 -0.017 
Table 5.60. Food price-nutrient elasticities - urban expenditure class 8 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.112 -0.116 -0.091 -0.117 -0.012 0.003 0.003 -0.171 -0.016 
Wheat -0.610 -0.171 -0.171 -0.312 -0.017 -0.216 -0.118 -0.213 0.014 
Coarse Grains -0.110 -0.100 -0.017 -0.013 -0.071 -0.014 -0.016 -0.123 0.014 
Pulses -0.081 -0.091 -0.016 -0.100 -0.121 -0.017 -0.016 -0.061 0.023 
Milk Products -0.019 -0.171 -0.121 -0.101 -0.112 0.001 -0.003 -0.011 -0.018 
Oils and Fats -0.041 -0.061 -0.012 -0.001 -0.011 0.012 -0.001 0.010 -0.091 
Vegetables/Fruits -0.007 -0.092 -0.091 -0.017 -0.096 0.012 -0.012 -0.017 -0.062 
Meat, Eggs, Fish -0.006 -0.121 -0.082 -0.021 -0.012 -0.018 -0.034 0.012 -0.013 
Sugar -0.041 -0.012 -0.031 -0.062 -0.047 -0.091 -0.017 0.016 0.041 
Other Food -0.121 -0.016 -0.016 -0.060 -0.056 -0.041 -0.051 -0.017 -0.006 
Nonfood -0.051 -0.004 -0.116 -0.001 -0.102 -0.011 -0.013 -0.013 -0.018 
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Table 5.61. It is interesting to note that most of the nutrient 
elasticities show a change in sign for rice, coarse grains and pulses, 
except for energy and protein. However, the signs of nutrient 
elasticities for wheat are negative, implying the price of wheat could 
still influence the intake of all nutrients, even for the higher 
expenditure classes. Most of the signs of price elasticities are positive 
for riboflavin, niacin, and ascorbic acid. 
Urban expenditure class 10 
Table 5.62 presents the nutrient elasticities for the urban 
expenditure class 10. Most of the nutrient elasticities including energy 
and protein are less than 0.10 except for the wheat row. The price of 
wheat is more influential in determining the intake of energy, protein, 
calcium, iron, thiamine, riboflavin, and niacin than any other food 
commodity. The protein elasticity of pulses is lower than that of wheat 
and milk while the calcium elasticity is higher for wheat than milk. The 
price elasticities of nutrients other than energy which gained 
significance after class 3 for the prices of vegetables and nonvegetarian 
foods do not show much influence for this class. A notable feature, 
however, is that the price of "other foods" has a very significant 
influence on the energy intake through cross price effects. 
Comparison of price-nutrient elasticities 
A comparison of price elasticities for energy and protein for three 
representative classes are given in Table 5.63. The estimates are 
Table 5.61. Food price-nutrient elasticities - urban expenditure class 9 
Energy Protein Calcium Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.131 -0.027 0.012 0.011 0.002 0.004 0.013 0.016 0.004 
Wheat -0.127 -0.101 -0.101 -0.112 -0.016 -0.212 -0.113 -0.217 -0.010 
Coarse Grains -0.090 -0.013 0.001 0.001 -0.003 0.003 0.007 0.012 0.013 
Pulses -0.062 -0.101 -0.023 0.017 0.041 0.013 0.006 0.041 0.021 
Milk Products -0.054 -0.101 -0.093 0.076 -0.001 -0.012 0.017 -0.003 0.021 
Oils and Fats -0.041 -0.016 -0.041 0.001 0.000 -0.012 -0.091 -0.006 0.031 
Vegetables/Fruits -0.062 -0.052 -0.019 0.097 0.007 -0.013 -0.012 0.007 -0.002 
Meat, Eggs, Fish -0.091 -0.031 -0.061 -0.021 0.021 -0.001 0.023 0.031 0.013 
Sugar -0.056 -0.011 -0.081 -0.017 0.012 -0.071 -0.041 0.012 0.002 
Other Food -0.043 -0.017 -0.097 -0.018 -0.012 -0.003 -0.021 0.033 0.034 
Nonfood 
-0.021 -0.003 -0.004 0.006 0.012 0.019 0.012 -0.013 -0.001 
Table 5.62. Food price-nutrient elasticities - urban expenditure class 10 
Energy Protein Cal ci urn Iron Carotene Thiamine Riboflavin Niacin Ascorbic Acid 
Rice -0.076 0.019 -0.061 -0.017 -0.012 -0.003 0.012 0.011 0.012 
Wheat -0.113 -0.116 -0.112 -0.131 -0.071 -0.231 -0.112 -0.216 -0.021 
Coarse Grains -0.097 -0.012 -0.016 -0.012 -0.051 -0.016 -0.013 0.012 0.013 








-0.018 -0.014 -0.001 -0.061 -0.011 0.031 0.014 




-0.081 -0.006 0.012 0.011 -0.131 
Oils and Fats -0.056 -0.017 0.071 0.001 0.012 0.014 0.001 0.012 -0.121 
Vegetables/Fruits -0.016 -0.051 -0.012 -0.096 -0.018 -0.016 -0.017 -0.018 0.012 
Meat, Eggs, Fish -0.031 -0.021 -0.019 -0.021 -0.016 -0.031 -0.030 -0.031 0.003 
Sugar -0.038 -0.010 -0.020 -0.010 -0.051 -0.081 -0.011 -0.017 0.002 
Other Food -0.281 -0.016 -0.012 -0.011 -0.016 -0.016 0.011 0.012 -0.071 
Nonfood -0.057 -0.013 -0.112 -0.016 -0.121 -0.016 -0.016 0.012 0.018 
Table 5.63. Comparison of food price elasticities for energy and protein - urban 
expenditure classes 
_Urban Class 1 Urban Class 5 Urban Class 10 
Energy Protein Energy Protein Energy Protein 
Rice -0.715 -0.301 -0. 310 -0. 137 -0.076 0.019 
Wheat -0.411 -0.216 -0. 412 -0. 195 -0.113 -0.116 
Coarse Grains -0.511 -0.216 -0. 211 -0. 175 -0.097 -0.012 
Pulses -0.121 -0.216 -0. 131 -0. 120 -0.042 -0.100 
Milk Products -0.005 -0.108 -0. 088 -0. 217 -0.083 -0.112 
Oils and Fats -0.037 -0.051 -0. 077 -0. 016 -0.056 -0.017 
Vegetables/Fruits -0.029 -0.015 -0. 092 -0. 122 -0.016 -0.051 
Nonvegetarian Foods -0.040 -0.108 -0. 005 -0. 217 -0.031 -0.021 
Sugar -0.025 -0.006 -0. 082 -0. 017 -0.038 -0.010 
Other Food -0.175 -0.027 -0. ,286 -0. ,083 -0.281 -0.016 
Nonfood -0.006 -0.002 -0. ,015 -0. .009 -0.057 -0.013 
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consistent with the argument that the influence of prices on intake of 
nutrients declines as expenditure increases, at least for energy and 
protein. The protein elasticity for middle expenditure class (class 5) is 
highest for milk and nonvegetarian foods compared to other foods and other 
classes. While rice price plays a very important role in nutrition intake 
for the lower urban expenditure classes (class 1), the role is shifted to 
wheat price for higher expenditure classes. The protein intake is more 
dependent on pulse prices for class 1, while milk price influences it more 
in the higher expenditure classes. The influence of "other food" price 
increases with expenditure class at least in determining the energy 
intake. 
Concluding Remarks 
The results of the empirical analysis presented in this chapter could 
be outlined briefly as follows. Household budget share analysis showed 
that for the rural households food grains formed more than 60 percent of 
their budget for the lower expenditure classes with the rest of the 
expenditure equally split between nonfood grains and nonfood commodities. 
The budget share of food grains declined with expenditure class. The 
urban expenditure classes showed similar patterns with fewer food grain 
expenditure shares for the lower expenditure classes compared to the rural 
regions. Food grains are a major source of energy for both rural and 
urban households providing more than 75 percent of the total energy 
intake. 
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A comparison of parameter estimates from the linear expenditure 
system and the almost ideal demand system (AIDS) showed that AIDS better 
fits the data than the LES for both rural and urban households. In 
general homogeneity and symmetry restrictions could not be rejected except 
for the symmetry of non food grains system for urban households. 
A test of weak separability indicated that the assumption is in 
general valid for the data used in this demand analysis. The results of 
analysis of food demand for the rural expenditure classes showed that the 
own price elasticities for the middle expenditure class are less (more) 
responsive for the food grains (nonfood grains) than the extreme 
expenditure class. The expenditure elasticities, in general, decline with 
the expenditure classes. The urban elasticities, while significantly 
different from rural elasticities, show a similar pattern among the 
expenditure classes. 
From analysis of nutrient elasticities it could be inferred that the 
nutrient intake for the lower expenditure classes in both rural and urban 
regions responds more to income than higher expenditure classes. Among 
food prices, the prices of food grains influence the intake of energy and 
protein the most, while the prices of milk, vegetables, and nonvegetarian 
food items determine the intake of minerals and vitamins. Other 
conclusions are detailed in Chapter VI along with the summary of the 
study. 
CHAPTER VI. SUMMARY AND CONCLUSIONS 
Estimates of changes in food consumption of households due to the 
changes of income and prices are fundamental requirements for formulation 
and evaluation of food and nutrition policies. These estimates have to be 
revised, improved, and made more reliable with the availability of higher 
quality data and better methods of estimation. Also, information on 
changes in the intake of various nutrients due to changes in income and 
prices are vital to analyze the nutritional improvement policies. There 
is a need to analyze such changes for various groups of households since 
it is well known that households with differing socio-economic 
characteristics may differ in their demand behavior. Analyzing households 
from both rural and urban sectors would enable a better formulation of 
sector specific food and nutritional policies. It is in this spirit that 
the present study was conducted with an objective to derive elasticity 
estimates for food and nutrition for different consumer strata for rural 
and urban India. 
Specifically, the objective was to estimate a complete system of 
demand equations for ten groups of Indian consumers in both rural and 
urban sectors that will be useful in deriving food and nutrition 
elasticities of income and prices and in comparing the consumer behavior 
of various groups of households towards changes in income and prices. 
To aid in the formulation of the econometric model of food demand 
system, various concepts of consumer demand theory were reviewed in 
Chapter II. Outlining the axioms of utility maximization, the Marshallian 
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demand functions were derived and their properties such as adding up, 
homogeneity, negativity, and syrmietry were discussed. The concepts of 
weak separability, additive preferences and block additivity were 
presented in the context of the objectives of the present study. The 
issue of aggregation over consumers and the duality relationship between 
direct and indirect utility maximization using Roy's identity and 
Shephard's lemma were also discussed. 
Empirical demand systems, such as the linear expenditure system, the 
indirect addilog model, the Rotterdam model, the transcendental 
logarithmic demand system, the almost ideal demand system, and the 
generalized addilog demand system were reviewed for the formulations, 
properties, nature of restrictions that could be imposed, and methods of 
estimation. 
An understanding of already existing models of food demand in 
developing countries was established by reviewing available studies for 
their data, models used, assumptions, methods of aggregation and 
estimation, and elasticity parameters. This review included 32 studies 
from 27 developing countries and four cross country comparisons. It was 
observed that, in general, the estimates of demand elasticities varied 
within the same country due to differences in the data sets used and 
methods of estimation. 
A review of studies that estimated nutrient elasticities in 
developing countries was also conducted to understand the magnitude and 
direction of changes in nutritional intake due to changes in income and 
prices. 
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A description of the Indian economy and data used for analysis of the 
present study was given in Chapter IV. The progress of the Indian economy 
since independence was reviewed in all sectors that are related to food 
and nutritional policy making. It was found that, while the per capita 
growth rate of GNP was low for most of the periods in review, the 
agricultural sector showed a remarkable growth in terms of its 
intrastructure and output. The indicators of consumption showed that 
while the per capita availability of cereals remained the same, the 
inequality in consumer expenditure has increased for both rural and urban 
residents for the period mentioned above. There is about a 5 percent 
decline in the level of people living below the poverty line. 
The sources of data on food consumption in India were described in 
terms of their methods of data collection and the quality of data. The 
methods of sampling, methods of data collection, concepts and definitions 
of categories of consumption data collected and the aggregation procedures 
of the National Sample Surveys (NSS) were discussed with particular 
reference to the data utilized for the present study. The sample 
information on NSS rounds 27, 28, and 32 on consumer expenditures were 
discussed along with the data on prices and consumer price indices that 
were used for this study. Comments and criticisms on the quality of NSS 
data used in earlier studies were also reviewed. 
A description of the data transformation procedures, estimation 
procedures, and the statistical tests used in empirical analysis of this 
study was presented in Chapter IV. The rural and urban households were 
reclassified into ten groups based on the per capita monthly expenditure 
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classes. Four categories of food grains, namely, rice, wheat, coarse 
grains, and pulses were used. The nonfood grain foods included milk 
products, oils, vegetables, nonvegetarian foods, sugar and other foods. 
A commodity grouping that is consistent with the concept of two-stage 
budgeting and the assumption of weak separability between the broader 
groups, namely, food grains, nonfood grains, and nonfood commodities were 
fol lowed. 
Reviewing several approaches to pool time series and cross section 
data, seven different transformation models were estimated to compare the 
results with the OLS model. Since these transformations did not perform 
better than the OLS, three other arbitrary transformations were 
attempted. The transformation that adds the values of the data for three 
rounds performed better than OLS and other models estimated before in 
terms of signs of the parameters and their significance. 
Based on theoretical and empirical considerations, the linear 
expenditure system and the almost ideal demand system were chosen for 
estimation at the first stage and the estimation procedures for these 
models were discussed with the statistical assumptions. The statistical 
tests that were used to test the restrictions on demand theory, namely 
homogeneity, symmetry, and the assumption of weak separability were 
discussed for their appropriateness. The methods of deriving nutrient 
elasticities were also discussed with comments on problems associated 
with deriving such estimates. 
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Conclusions 
The results of empirical analysis were presented in Chapter V in 
five major sections. A budget share analysis of the rural and urban 
consumers for different expenditure classes by commodity groups in the 
first section. A comparison of results of the linear expenditure system 
and the almost ideal demand system was presented in the next section. 
The results of separability tests and tests of restriction on demand 
theory were given for rural and urban aggregate expenditure classes in 
the third section. The elasticity estimates of the LA/AIDS model for ten 
expenditure classes for both rural and urban consumers were presented in 
the fourth section. The nutrient expenditure and food price nutrient 
elasticities are presented in the fifth section. 
The analysis of the rural household budget by commodity groups and 
expenditure classes showed that about 65 percent of the total expenditure 
was spent on food. The lowest class spent the highest percentage of 
expenditure on food compared to higher classes, a result consistent with 
Engel's law. 
Low expenditure classes spent a larger share of their food 
expenditure on food grains like rice and coarse grains, while the higher 
expenditure classes spent more on higher quality foods such as 
vegetables, milk, and nonvegetarian foods. 
The budget shares of urban consumers are different from that of 
rural consumers. While the trend in expenditure shares are consistent 
with Engel's curve for urban households, the food grain expenditure 
shares are about 20 percent lower than the rural for lower expenditure 
274 
classes. For all classes nonfood grain food show a higher share in urban 
than rural households. 
The share of food grains in total expenditure showed a decline over 
the years (1965-1983), while that of nonfood grain foods has increased 
for both rural and urban expenditure classes. 
Food grains contribute more than 80 percent of calorie intake for 
rural households. Among food grains rice and coarse grains provide the 
major share of calories for the low expenditure classes while wheat is an 
important source of calories for the higher expenditure classes. The 
urban households also derive 75 to 83 percent of the calories intake from 
food grains. The contribution of calories from food grains decreases 
with expenditure classes for both rural and urban households. 
A comparison of model results of the linear expenditure system (LES) 
and the almost ideal demand system (AIDS) showed that AIDS performs 
better with smaller unexplained variation for all commodities. The LES 
elasticities are in general higher than that of AIDS for both rural and 
urban households. Commodities such as milk and nonvegetarian foods which-
are luxuries with the LES model are shown to be necessities in the AIDS 
model. 
The homogeneity restrictions were tested for systems of equations. 
For the first stage, food grains, nonfood grains, and nonfoods, 
homogeneity can not be rejected for both rural and urban areas. In the 
second stage the homogeneity of food grains system was only accepted 
marginally for rural households, while it was accepted for urban 
households at both levels. The homogeneity of nonfood grains system 
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also was accepted at both significance levels for the urban sector and 
accepted only at 0.01 level for the rural sector. 
The symmetry of these systems of equations were tested after 
imposing homogeneity. In the first stage symmetry was accepted at 0.01 
level for rural households but was rejected for urban households. 
Symmetry was also rejected for food grains systems for rural households 
and for food grains for urban households. When corrected using small 
sample adjustment, the symmetry of food grains, nonfood grains, and non-
foods equations was accepted at 0.01 level. The symmetry of food grains 
equations for rural was accepted at 0.01 level while that of nonfood 
grains equations for urban was rejected even after small sample 
adjustment. 
The weak separability of food grains, nonfood grains, and nonfoods 
from each other was tested using the concept of quasi-separability of the 
cost function with the LA/AIDS model for both rural and urban regions. 
The results have similar patterns for both rural and urban households. 
The separability of food grains from nonfoods and that of nonfood grains 
and nonfoods were accpeted at 0.01 level. The separability of food 
grains from nonfoods was accepted at both levels for both rural and urban 
households. 
The uncompensated price and expenditure elasticities for ten rural 
expenditure classes were presented and discussed. The own price 
elasticities of food grains were higher than 0.25 for most of the 
expenditure classes. The coarse grains were more responsive to their 
prices in lower expenditure classes while wheat was more responsive to 
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its price in higher expenditure classes. Most of the own price 
elasticities among seven non food grain commodities were also high for 
all expenditure classes. The cross price elasticities among food grains 
and nonfood grains show greater interactions up to the sixth expenditure 
class with a decline after this class. For lower expenditure classes 
wheat and pulses were luxury items. 
A comparison of own price and expenditure elasticities for ten rural 
expenditure classes showed that for most of the commodities there exist 
considerable differences in the values of the elasticities between 
expenditure classes. The own price elasticities showed a pattern that is 
different from the results of earlier studies. The own price elasticity 
of rice, wheat, and milk showed a convex pattern, decreasing with 
expenditure classes up to the sixth expenditure class and increasing from 
that class. The own price elasticity of pulse, oil, vegetables, and 
other foods show a concave pattern. The commodities like nonvegetarian 
food, sugar and nonfood show a "S" shaped pattern. The expenditure 
elasticities showed a pattern that is in general consistent with the 
earlier studies, a decrease with expenditure classes except for rice. 
The uncompensated price and expenditure elasticities for ten urban 
expenditure classes were presented and discussed. The expenditure 
elasticities that are more than unity decline with expenditure class 
while the number of expenditure elasticities that are less than 0.50 
increase. The magnitude of own price elasticities of food grains decline 
with expenditure class. The commodity interactions explained by cross 
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price elasticities increase in magnitude up to the fourth class and 
decline thereafter. 
The own price elasticities show a pattern that is, in general, 
consistent with earlier studies. For most of the commodities the own 
price response decreases with expenditure classes with the exception of 
sugar, other foods, and milk. The expenditure elasticities for all the 
commodities decline with expenditure classes. 
A comparison of expenditure elasticities between rural and urban 
households showed that there exists considerable difference in the 
elasticity estimates between rural and urban expenditure classes. The 
expenditure elaticities for urban households are in general lesser than 
the rural households. 
A comparison of own price elasticities between rural and urban 
households showed that for rice, wheat, pulses, milk, vegetables, and 
nonvegetarian food urban lower expenditure classes are more responsive to 
their own prices than rural expenditure classes. For coarse grains and 
other foods all the rural households respond more than urban households; 
while for sugar, the pattern is reversed to that of rice, and demand for 
oil and nonfood show an irregular pattern. 
The food price-nutrient elasticities and expenditure elasticities 
for nine nutrients were calculated based on the food price and 
expenditure elasticities for ten rural and urban expenditure classes. 
The expenditure elasticity of energy declined with rural expenditure 
classes and were less than proportional with few exceptions being energy, 
protein, and calcium among low and middle expenditure classes. For the 
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urban households, while the trend is similar to rural households, the 
expenditure elasticities of nutrients such as protein, calcium, iron, and 
carotene show an increase with expenditure classes. Urban households 
were found to respond less to expenditure increase in terms of nutrition 
than the rural households. The results, in general, support the view 
that there is a possibility of increasing nutritional status by 
increasing total expenditure (income) among both rural and urban 
households. 
The results of food price elasticities for nutrients showed that, in 
general, calorie and protein intake respond well to changes in price of 
food grains. The intake of calcium and protein is influenced by the 
prices of milk and pulses. The prices of vegetables and nonvegetarian 
foods influence the intake of iron, carotene, thiamine, and riboflavin 
for higher expenditure classes. The magnitude of food price nutrient 
elasticities declines with the expenditure class. The food price 
nutrient elasticities for urban households are, in general, lower than 
those of rural households. The nutrient elasticities for urban 
households also decline with expenditure classes. 
Limitations of the Study 
The present study was largely intended to obtain reliable estimates 
of food and nutrient elasticities. There are some limitations that 
should be pointed out before using these results for future analysis. 
The data on consumption of food commodities used in the present 
study were available as per capita monthly expenditures. This is an 
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average for the family and does not take into account the differences in 
household composition and other demographic variables, such as, adult-
children ratio or male-female ratio since the food and nutritional 
requirements may differ due to these factors. 
The data points used were the aggregate consumption for a state. 
While this was helpful in avoiding the "zero" values of consumption of 
some commodities as would be in household level data, more variations in 
demand could be obtained using household level data on consumption. 
However, with such aggregation, LA/AIDS model, the one used in the 
present study, is an appropriate model. 
The period of data collection by NSS extends throughout the year. 
This introduces the variations in food demand due to variations in 
seasonal availability of food. 
The present analysis does not include the dynamic nature of food 
demand. The influences of habit formation on the demand for food have 
not been considered in this analysis due to the form in which the data 
were available. 
Regional differences in tastes and preferences of food commodities 
were also not considered for the present study. This becomes important 
when policies need to be formulated based on regional consumption 
patterns. 
The differences in quality of food commodities make differences in 
prices paid for them. These essentially could be treated as different 
commodities. Due to unavailability of data on different prices paid for 
varying quality of foods, a single price was used for the present 
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analysis. Though this price is an average for different quality foods, it 
may not reflect the true value of the food. This is important when 
analyzing food grains such as rice and wheat. As noted earlier, the 
elasticity estimates of rice for highest expenditure classes were similar 
to that of lowest class which could be due to the differences in quality 
of rice consumed by these classes. 
Policy Implications 
The results presented in this study are primarily based on the 
elasticity estimates from different groups of rural and urban population. 
However, it is possible to derive some implications for food and nutrition 
policies. From the analysis of food consumption patterns for the rural 
households, it is clear that food grains are the target commodities of 
subsidization policies. Food grains also contribute a major portion of 
energy requirements and, hence, should be prime targets for nutrition 
policies. The policies should consider rural-urban differences since the 
household consumption behavior is different among them. Since there 
exists considerable differences in food demand among different expenditure 
classes, food policies targeted at particular groups of consumers may be 
more successful than a common policy. The pattern of change in the 
expenditure and own-price elasticities is not linear. The middle 
expenditure classes in the rural sector could be influenced by price 
policies while the extreme classes could be influenced by income policies. 
Considerations in policy formula- tions should also be given in choosing 
the appropriate commodities for subsidy policies. Policy simulations 
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based on the above preliminary results may provide more information on 
proper policy design and implementation. 
Future Research Possibilities 
The estimates of elasticities presented here could form the basis for 
several future analysis related to economic analysis of food and 
nutrition. The elasticity matrices could be used for food policy analysis 
in a partial equilibrium framework. The elasticity parameters could, 
also, form a part of computable general equilibrium model or in multi-
market models. The nutrient elasticities available for ten expenditure 
classes could be used in a food accounting matrix to analyze impacts of 
food policies on nutritional distribution. The expenditure elasticities 
of energy could be utilized in estimation of food poverty. 
With the availability of data and already derived variables for the 
present analysis, the following studies are possible. The direct method 
of estimating nutrient expenditure elasticities could be used for lower 
expenditure classes. The results could be compared with Behrman and 
Deolalikar (1987) for validating our results that indicated income could 
increase nutritional intake. Since there are data available on quantity 
and value of food commodities, the implied prices of food could be 
derived. This could be corrected using Beaton's (1987) procedure to 
obtain elasticity estimates. These could be compared with our results for 
different expenditure classes. The NSS also publishes the information on 
sampling errors for the sample surveys. This could be used in a 
measurement error model to obtain better parameter estimates. 
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APPENDIX 
Table A.l. Summary statistics on structure and progress of Indian economy 
1950-51 1960-61 1970-71 1980-81 1987-88 Remarks 
DEMOGRAPHIC CHARACTERISTICS 
Population (millions) 
Total 361.00 434.85 547.57 687.33 765.15 Observations in 
Males 185.00 225.94 282.50 354.84 395.08 column 1987-88 are 
Females 176.00 208.91 265.07 332.49 370.07 World Bank 
Compound growth rate^ 1.26 1.98 2.20 2.26 1.75 extimates. 
Sex ratio {males/1000 females) 1057 1063 1075 1071 1065 
Percentage of urban population 17.30 18.00 19.90 23.30 27.40 
Fertility rate/1000 women of 
child bearing age 201 192 175 154 133 Column 1987-88 
Life expectancy at birth (yrs) 32.45 41.89 46.40 54.10 59.20 relates to 1984-85 
Birth rate per 1000 population 42.70 42.00 39.00 34.20 data based on 
Death rate per 1000 population 24.40 18.80 16.50 12.70 projections of 
Infant mortality rate/ rural - - 148 136 132 126 Registrar General 
1000 live births urban 98 90 70 62 of India. 
EDUCATION 
Enrollment as percentage of 
the corresponding age group 
Class I-V, age 6-11 years^ 43.10 59.50 76.40 83.10 94.10 
Class VI-VIII, age 11-14 years 12.90 23.20 34.20 40.10 50.60 
Class IX-XI, age 14-17 years 5.30 11.80 19.00 20.40 27.30 
University (million persons) 0.30 0.80 2.40 4.00 4.70 
Literacy rate male 24.95 34.44 39.45 40.74 44.20 
(percentage) female 7.93 12.95 18.69 24.88 32.40 
NATIONAL ACCOUNTS^ 
Gross National Product 
at 1970-71 prices (Rs billions) 174.69 254.42 364.52 507.93 652.01 
Domestic Product of Factor Cost 
(1970-71 prices) 167.98 243.60 345.19 472.35 507.02 From National 
Agriculture 98.59 131.43 163.54 189.82 215.03 Accounts Statistics 
(58.69)® (53.93) (47.38) (40.18) (36.10) reported in Bardhan 
Manufacturing 16.74 29.18 46.19 70.57 93.82 (1984). 
(9.96) (11.97) (13.38) (14.94) (15.71) 
Transport, Communication, Trade 19.53 32.97 54.54 87.34 121.32 Column 1987-88 
(11.61) (13.53) (15.79) (18.49) (20.32) figures based on 
Finance and Real Estate 5.87 9.25 16.83 26.95 38.32 World Bank estimates. 
(3.50) (3.79) (4.87) (5.70) (6.41) World Bank (1988). 
®For the preceding 10 years. 
^Exceeds 100 for boys due to presence of children both younger and older than indicated in the 
age group for these classes. 
^Excludes engineering, medicine and other technical courses. 
^Where sources not mentioned, the information is taken from the World Bank document (1988). 
^Percentage share of each sector is given in parentheses. 
Table A.l. Continued 
1950-51 1960-61 
Public Administration & Defense 4.75 7.69 
(8.09) (3.16) 
Imports/exports ratio - - 1.73 
AGRICULTURE 
Area under high yielding varieties 
(million hectares) =» — mm M 
Net irrigated area (mil. hec.) 20.85 24.66 
Chemical fertilizer use (mil. ton.) 0.07 0.56 
Index of agricultural production 
(1969-70 = 100) 61.20 87.15 
Area Food Grains 110.56 115.58 
(mil. hec.) Pulses 23.22 23.56 
Oilseeds 16.82 14.16 
Sugarcane 1.58 2.00 
Cotton 5.52 7.62 
Production Food Grains 42.41 69.31 
(mil. tons) Pulses 4.83 7.21 
Oilseeds 4.12 6.81 
Sugarcane 120.63 122.66 
Cotton (mil. bales) 4.12 3.48 
Yield Food Grains 902.00 1013.00 
(kg/ha) Pulses 232.00 351.00 
1970-71 1980-81 1987-88 Remarks 
16.35 35.88 51.76 
(4.74) (7.60) (8.67) 
1.06 1.87 1.48 
15.38 45.05 52.08 
31.10 38.80 45.42 
2.26 5.52 8.49 
111.50 135.30 155.00 Increase over period 
123.32 126.67 127.06 5% 
20.46 22.46 23.82 2.6% 
16.12 17.60 18.87 12.15% 
2.58 2.67 2.86 81% 
7.82 8.00 7.58 36% 
96.60 129.59 150.47 257% 
8.23 10.63 12.97 168% 
7.12 9.37 11.15 170% 
130.26 154.25 171.68 42% 
6.21 7.01 8.61 109% 
961.00 1023.00 1184.00 










INDEX OF INDUSTRIAL PRODUCTION (1970=100) 
Mining & Quarrying 21.80 63.40 
Manufacturing 34.30 61.80 
Textiles 44.40 60.20 
Chemicals 48.30 62.50 
Food Industry 38.80 68.40 
Transport Equipment 28.10 56.60 
Basic Metal 30.30 48.40 
General Index (1970=100) 32.60 60.60 
EMPLOYMENT 
Labor force participation - rural 38.41 40.41 
(percentage) urban 33.45 34.61 
Share of work force - Agriculture 73.28 69.51 
(Rao, 1987) Non-Agriculture 26.72 30.44 
PRICES 
Wholesale price index (1970-71=100) 47.50 55.10 
Consumer price index for 
industrial workers (1960-61=100) — 104.00 
523.00 532.00 591.00 
50.12 57.84 59.78 
130.00 152.00 193.00 
101.20 151.90 245.70 
102.80 148.80 194.20 
100.50 155.70 218.90 
104.60 188.20 264.40 
101.00 134.10 194.20 
106.30 130.60 215.0 
99.80 137.50 184.70 
102.20 150.70 220.60 
42.24 43.91 45.82 
34.82 35.97 40.63 
69.78 66.69 61.78 
30.22 33.31 38.22 
100.00 257.30 338.40 
190.00 390.00 608.00 
Annual growth rates 











Column 1987-88 based 
on World Bank 
estimates. 
Relate to calendar 
Table A.l. Continued 
1950-51 1960-61 1970-71 1980-81 1987-88 Remarks 
Consumer price index for 
agricultural laborers (1960-61=100) 100.00 192.00 409.00 525.00 
CONSUMPTION 
Net availability of cereals 
(million tons) 
48.07 68.64 86.73 104.36 122.16 
Net availability of pulses 
(million tons) 
3.96 5.78 8.73 9.40 11.34 
Per capita availability - cereals 364.80 432.28 434.00 416.20 437.50 
(gms/day) pulses 30.10 36.42 34.80 37.50 40.60 
foodgrains 394.90 468.70 468.80 453.70 478.10 
Percentage Share of Consumption: 
Expenditure of botton half of 
population rural 27.41 28.40 30.90 29.60 30.00 Based on NSS rounds. 
(Iyengar, 1987) urban 25.23 26.40 27.00 27.50 28.10 Figures in 1987-88 
Inequality in expenditure 
(Lorenz ratio) rural 0.34 0.32 0.29 0.34 0.30 
column correspond to 
1983. 
(M.H. Suryanarayana, 1985) urban 0.37 0.36 0.35 0.35 0.33 
Poverty ratio rural — — 38.22 45.39 40.21 33.42 Bason on NSS data; 
(Bardhan, 1984) urban 40.40 41.50 39.56 34.87 
(1983) 
rural poverty line 
Rs 15.00/month per-
capita at 1960-61 
prices; Rs 20.00 for 
urban 
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Table A.2. National Sample Survey Organization subjects covered in 
various rounds of NSS (Sarvekshana, 1987) 
Round Period of Subjects of Enquiry 
No. Survey 
1. Oct. 1950- Wages, land utilization, household enterprises, house-
Mar. 1951 hold assests and liabilities and monthly working acct. 
for Pune schedules, consumer expenditure, prices. 
2. Apr. 1951- Village statistics, agriculture, consumer expenditure, 
June 1951 prices. 
3. Aug. 1951- Village statistics, agriculture and animal husbandry, 
Nov. 1951 small scale manufacture and handicrafts, transport, 
trade, profession, service and financial operations, 
consumer expenditure, prices. 
4. Apr. 1952- Village statistics, land utilization, agriculture and 
Sep. 1952 animal husbandry, small scale manufacture and handi­
crafts, transport, trade, profession, service and 
financial operations, consumer expenditure, prices. 
5. Dec. 1952- Land utilization, agriculture and animal husbandry, 
Mar. 1953 non-household manufacturing establishments, small 
scale manufacture and handicrafts, transport, trade, 
profession, service and financial operations, consumer 
expenditure, prices. 
6. May 1953- Village statistics, land utilization, agriculture and 
Sep. 1953 animal husbandry, non-household manufacturing estab­
lishments, small scale manufacture and handicrafts, 
transport, trade, profession, service and financial 
operations, consumer expenditure, prices, opinion of 
newspaper readers about newspaper reading. 
7. Nov. 1953- Village statistics, housing condition, land utiliza-
Mar. 1954 tion, agriculture and animal husbandry, non-household 
manufacturing establishments, small scale manufacture 
and handicrafts, transport, trade, profession, service 
and financial operations, consumer expenditure, prices 
opinion on out-turn of rice in villages. 
8. July 1954- Housing condition, land holdings, trend of self-
Mar. 1955 management of agricultural holdings, land utilization, 
small scale manufacture and handicrafts, transport, 
trade, profession, service and financial operations, 
household indebtedness, consumer expenditure, prices, 
farming practices. 
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Table A.2. Continued 
Round Period of Subjects of Enquiry 
No. Survey 
9. May 1955- Vital statistics, employment and unemployment, land 
Sep. 1955 utilization, small scale manufacture and handicrafts, 
transport and trade, consumer expenditure, income and 
expenditure, prices. 
10. Dec. 1955- Village statistics, housing condition, employment and 
May 1956 unemployment, land utilization and yield survey, small 
scale manufacture and handicrafts, transport, trade, 
profession, service and financial operations, income 
and expenditure, prices. 
11. Aug. 1955- Village statistics, housing condition, employment and 
Jan. 1957 unemployment and indebtedness of agricultural labor 
households, employment and unemployment of households, 
other than agricultural labor households, land utili­
zation and yield survey, agriculture and animal hus­
bandry, income and expenditure, prices, weights and 
measures in urban areas. 
12. Mar. 1957- Village statistics, vital statistics, housing condi-
Aug. 1957 tion, employment and unemployment and indebtedness of 
agricultural labor households, employment and 
unemployment of households other than agricultural 
labor households, land utilization and yield survey, 
production of milk and production and utilization of 
cattle dung, housing, income and expenditure, prices, 
weights and measures in urban areas. 
13. Sep. 1957- Village statistics, vital statistics, employment and 
May 1958 unemployment, land utilization and yield surveys, 
income and expenditure, prices, reader's preference. 
14. July 1958- Village statistics, population, births and deaths, 
June 1959 employment and unemployment, land utilization and 
yield surveys, small scale manufacture and handicrafts, 
income and expenditure, prices. 
15. July 1959- Population, births and deaths, housing conditions, 
June 1960 employment and unemployment, land utilization and 
yield surveys, non-mechanized transport and utilization 
of working animals, livestock products, non-registered 
trade, building construction (rural) and capital for­
mation, consumer expenditure, prices, disposal of 
cereals by producer households. 
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Table A.2. Continued 
Round Period of Subjects of Enquiry 
No. Survey 
16. July 1960- Population, births and deaths, family planning, hous-
Aug. 1961 ing condition, employment and unemployment, urban 
labor force, number of physically handicapped persons, 
ownership of land and operational holdings (in rural 
only), land utilization, yield survey, households 
indebtedness, consumer expenditure, prices. 
17. Sep. 1961- Population, births & deaths, morbidity, employment & 
Aug. 1962 unemployment, urban labor force, ownership of land & 
operational holdings, land utilization & yield surveys, 
capital formation, consumer expenditure, prices. 
18. Feb. 1963- Village statistics, population, births and deaths, 
Jan. 1964 migration, housing condition, urban labor force, land 
utilization, yield surveys, earnings from professions 
and liberal arts, construction, indebtedness of sched­
uled tribe households in Manipur & Tripura, income of 
rural labor households, consumer expenditure, prices. 
19. July 1964- Village and block statistics, population, births and 
June 1965 deaths, housing condition, urban labor force, employ­
ment and unemployment and indebtedness of rural labor 
households, land utilization and yield surveys, inte­
grated household schedule detailed & abridged, prices. 
20. July 1965- Village & block statistics, population, births/deaths, 
June 1966 housing condition, urban labor force, employment, 
unemployment & indebtedness of rural labor households, 
land utilization, yield survey, integrated household 
schedule with emphasis on trade & land utilization, 
prices, consumer expenditure, prices. 
21. July 1966- Village & block statistics, population, births/deaths, 
June 1967 housing condition, urban labor force, land utilization, 
yield survey, integrated household schedule detailed & 
abridged with emphasis on land utilization, prices, 
opinion on production of cereal crops, consumer expen­
diture, prices. 
22. July 1967- Village & block statistics, population, births/deaths, 
June 1968 housing condition, number of pucca houses, urban labor 
force, land utilization, yield survey, integrated 
household surveys, prices, farming practices, opinion 
on production of cereal crops, consumer expend, prices. 
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Table A.2. Continued 
Round Period of Subjects of Enquiry 
No. Survey 
23. July 1968- Population, births/deaths, housing condition, number 
June 1969 of pucca houses, land utilization, yield survey, small 
scale manufacturing (household & non-household), inte­
grated household schedule, prices, opinion on produc­
tion of cereal crops, consumer expenditure. 
24. July 1969- Number of pucca houses, number of physically handi-
June 1970 capped persons, land utilization, yield survey, non-
registered distributive trade, integrated household 
schedules, prices, opinion on production of cereal 
crops, consumer expenditure. 
25. July 1970- Statistical check on land utilization, indebtedness of 
June 1971 non-manual employee households in urban areas, economic 
conditions of weaker section of rural population inte­
grated household schedule (revised), prices, consumer 
expenditure. 
26. July 1971- Village statistics, number of pucca houses, land hold-
Sep. 1972 ings, statistical check on land utilization, debt and 
investment, consumer expenditure, prices. 
27.® Oct. 1972- Seasonal migration, number of pucca, semi-pucca & kut-
Sep. 1973 cha houses, employment & unemployment, current building 
activity in rural areas, consumer expenditure, prices. 
28.® Oct. 1973- Population, births/deaths, morbidity, fertility, 
June 1974 maternal & childcare, family planning, housing condi­
tion, normal health facilities in rural areas, disabil­
ity, number of physically & mentally affected persons, 
number of new building, consumer expenditure, prices. 
29. July 1974- Employment, unemployment & indebtedness of rural labor 
June 1975 households, small scale manufacture & handicrafts, min­
ing & quarrying, trade, hotels & restaurants, transport, 
service, construction, consumer expenditure, income, 
availability & extent of utilization of electricity in 
rural areas, prices. 
Used in the present study for which details on disaggregated 
expenditures on rice, wheat, sorghum, maize, barley, ragi, bajra, and 
other millets are given with their prices. 
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Table A.2. Continued 
Round Period of Subjects of Enquiry 
No. Survey 
30. July 1975- Village statistics, livestock number & products, con-
June 1976 sumption of livestock products, livestock enterprises, 
prices, survey on railway travel. 
31. July 1976- Education in both rural & urban areas, survey on the 
June 1977 practice of Jhum cultivation in rural areas, household 
indebtedness survey in Himachal Pradesn, economic con­
dition of urban slum dwellers, performance of irriga­
tion, rural electrification, rural retail prices in 
North East Regions. 
32.^ July 1977- Employment & unemployment, consumer expenditure, 
June 1978 prices, household integrated survey in North Eastern 
region, rural retail price. 
33. July 1978- Manufacture of cane & bamboo products for own consump-
June 1979 tion & household weaving in Northeast region, unorgan­
ized manufacture, rural retail prices. 
34. July 1979- Education, medical & health, unorganized sectors of 
June 1980 trade, transport, hotels & restaurants, storage, ware­
housing & services, prices. 
35. July 1980- Maternal & childcare, family planning education, medi-
June 1981 cal & health, construction activity & social consump­
tion, prices. 
36. July 1981- Survey on disabled persons. 
Dec. 1981 
37. Jan. 1982- Land holdings & livestock holdings, debt & investment. 
Dec. 1982 
38. Jan. 1983- Employment & unemployment, consumer expenditure, 
Dec. 1983 prices. 
39. Jan. 1984- Population, births and deaths. 
June 1984 
40. July 1984- Unorganized manufacture—non-directory establishments 
June 1984 and own account enterprises. 
41. July 1985- List of households and trading enterprises. Trade-Non-
June 1986 directory establishments & own account enterprises. 
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Subjects of Enquiry 
42. July 1986-
June 1987 








Living condition of tribals, housing condition and 
current construction activity. 
Table A.3. Nutrient coefficients used for calculating nutrition elasticities 
(per 100 gms. of edible portion) (Calculated from Gopalan et al., 1977) 
Nutrients 


















Rice* 346 6.4 9 4.0 2.75 0.21 0.10 2.50 0.00 
Wheat^ 341 12.1 48 5.6 29 0.45 0.17 4.3 0.00 
Coarse Grains^ 349 10.4 25 5.8 40 0.37 0.28 2.8 0.00 
Pulses^ 323 24.0 124 7.3 94 0.47 0.39 2.1  0.00 
Milk Products® 80 3.5 125 0.2 182 0.05 0.19 0.3 2.00 
Oils and Fat^ 900 - - —  - - - - - - -
Veg. & Fruit^ 30 1.4 18 0.9 74 0.04 0.11 0.9 12.00 
Sugar^ 383 0.4 80 11.5 168 0.02 0.04 0.5 0.00 
Nonvegetarian^ 194 18.5 150 2.5 31 0.18 0.14 6.8 0.00 
^Average nutrients of parboiled, raw, milled and hand-pounded rice categories. 
'^Average nutrients of whole wheat, whole wheat flour and refined wheat flour. 
^Average nutrients of sorghum, bajra, maize, barley, small millets, and ragi. 
^Average nutrients of Bengal gram, red gram, mungbean, black gram and cowpea. 
^Average nutrients of cow milk, buffalo milk, goat milk, and buttermilk. 
fAverage nutrients of mustard, coconut, gingely, and groundnut oils. 
^Average nutrients of brinjal, cabbage, tomato, lemon, mango, banana, and radish. 
^Average nutrients of sugar and gur. 
^Average nutrients of mutton, pork, chicken, eggs, and fish. 
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For Tables A.4 through A.23 that follow, the is given in the 
next to last column and the Durbin-Watson statistics in the last column. 
The asymptotic "t" statistics are given in parentheses. FG, NFG and NF, 
respectively, refer to food grains, nonfood grains, and nonfoods. R is 
rice, W is wheat, C6 is coarse grains, and P refers to pulses. Among 
nonfood grain foods, M is milk, 0 is oil, V is vegetables, NV is 
nonvegetarian food, S is sugar, and OF refers to other foods. Among the 
parameters, is constant, 3^ is expenditure parameter and j 
are respective price parameters. 
Table A.4. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 1 

























a. e. Yil Yi2 ^i3 Yi4 
R 0.503 0.078 -0.838 -0.106 0.906 -0.174 0.68 2.10 
(14.44) (0.69) (-4.67) (0.42) (-0.63) 
M 0.076 0.039 0.105 -0.224 0.248 -0.130 0.43 1.86 
(4.14) (0.64) (0.42) (-1.69) (-0.89) 
CG 0.362 -0.119 0.906 0.248 -1.326 0.172 
P 0.059 0.0002 -0.174 0.130 0.172 0.132 0.89 1.93 
(8.14) (0.01) (-0.63) (-0.89) (2.32) 
*i Ci Yil Yi2 Yi3 Yi4 Yi5 ^16 
M -0.075 0.120 0.232 -1.473 -0.251 0.324 0.070 1.098 0.85 1.71 
(-0.94) (0.71) (0.27) (-0.81) (-0.43) (0.30) (0.22) 
0 0.205 -0.129 -1.473 -0.804 -0.287 -0.034 0.431 2.167 0.44 1.62 
(3.08) (-0.91) (-0.81) (-0.75) (-0.59) (-0.04) (1.62) 
V 0.355 -0.074 -0.251 -0.287 -0.255 1.310 0.244 0.761 0.83 1.83 (2.75) (-0.27) (-0.43) (-0.59) (-0.27) (0.75) (0.44) 
NV -0.004 0.078 0.324 -0.034 1.310 0.880 0.191 -2,671 0.43 1.91 (-0.08) (0.76) (0.30) (-0.04) (0.75) (1.34) (0.98) 
S 0.252 -0.169 0.070 0.431 0.244 0.191 -0.349 -0.587 0.87 1.96 
(1.89) (-0.60) (0.22) (1.62) (0.44) (0.98) (-0.65) 
OF 0.267 0.174 1.098 2.167 0.761 -2.671 -0.587 -0.768 
Table A. 5. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 2 
Goods 
"i ^i Yil ^12 ^13 R^ D-W 
FG 0.528 -0.223 0.185 -0.081 -0.104 0.75 1.77 
(29.36) (-1.85) (4.92) (-2.46) 
NFG 0.221 0.164 -0.081 -0.658 0.739 
NF 0.251 0.059 -0.104 0.739 -0.635 0.61 1.98 
(14.85) (0.52) (-2.46) (0.64) 
*i Gi Yil ^i2 ^i3 Yi4 
R 0.509 -0.026 -1.059 0.019 0.651 0.389 0.55 2.16 
(11.65) (-0.24) (-4.20) (0.06) (0.88) 
W 0.076 -0.021 0.019 -0.422 0.063 0.340 0.52 2.43 
(4.22) (-0.48) (0.06) (-3.16) (1.86) 
CG 0.366 0.025 0.651 0.063 0.027 -0.741 
P 0.049 0.022 0.389 0.340 -0.741 0.012 0.55 2.01 
(7.05) (1.23) (0.88) (1.86) (0.17) 
a. 1 Bi Yil ^12 Yi3 Yi4 Yi5 ^i6 
M 0.585 0.254 -1.555 -3.19 -0.744 0.862 6.974 -2.347 0.85 2.21 
(4.26) (0.53) (-0.85) (-1.09) (-0.57) (0.38) (9.56) 
0 0.115 -0.025 -3.19 -0.612 -0.377 1.010 0.286 2.883 0.84 2.33 
(6.48) (0.39) (-1.09) (-1.62) (-2.24) (3.45) (3.04) 
V 0.049 0.027 -0.744 -0.377 -3.196 3.84 0.696 -0.219 0.58 2.48 
(0.37) (0.06) (-0.57) (-2.24) (-2.53) (1.74) (0.98) 
NV 0.112 -0.045 0.862 1.010 3.84 0.625 0.001 -6.338 0.42 1.69 
(1.54) (-0.18) (0.38) (3.45) (1.74) (0.52) (0.002) 
S 0.119 0.419 6.974 0.286 0.696 0.001 0.764 -8.721 0.48 1.42 
(0.97) (0.99) (9.56) (3.04) (0.98) (0.002) (1.18) 
OF -0.020 0.02 -2.347 2.883 -0.219 -6.338 -8.721 10.048 
Table A.6. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 3 
Goods 
"i Gi ^il ^i2 ^13 R^ D-W 
FG 0.525 -0.277 0.099 -0.083 -0.083 0.61 1.73 
(49.87) (-1.89) (1.60) (-1.99) 
NFG 0.257 0.264 -0.016 0.371 -0.288 
NF 0.218 0.013 -0.083 -0.288 0.371 0.56 1.81 
(41.83) (0.12) (-1.99) (1.03) 
^i Gi Yil Yi2 7i3 Yi4 
R 0.494 0.021 -1.319 0.616 0.36 0.343 0.72 1.41 
(12.55) (0.09) (-6.89) (2.42) (1.16) 
U 0.173 0.146 0.616 -0.667 0.417 -0.366 0.59 1.72 
(5.05) (0.76) (2.42) (-3.02) (-1.42) 
CG 0.264 -0.189 0.36 0.417 -0.819 0.042 
P 0.069 0.022 0.343 -0.366 0.042 -0.019 0.48 1.81 
(9.23) (0.52) (1.16) (.1.42) (-0.34) 
"i Gi Yil Yi2 Yi3 Yi4 Yi5 Yi6 
M 0.141 0.101 -0.174 -0.232 -0.133 0.488 0.079 -0.028 0.54 2.62 
(8.89) (1.29) (-0.79) (-0.70) (-0.89) (1.85) (0.99) 
0 0.139 -0.115 -0.232 -0.268 -0.046 0.308 0.083 0.155 0.50 2.03 
(17.07) (-2.91) (-0.70) (-1.59) (-0.59) (2.29) (2.05) 
V 0.240 -0.189 -0.133 -0.046 0.018 -0.301 -0.057 0.519 0.58 2.07 
(25.95) (-4.18) (-0.89) (-0.59) (0.21) (-1.96) (-1.24) 
NV 0.146 0.078 0.488 0.308 -0.301 -0.430 -0.043 -0.022 0.53 2.61 
(8.41) (0.92) (1.85) (2.29) (-1.96) (-1.50) (-0.50) 
S 0.093 0.071 0.079 0.083 -0.057 -0.043 -0.007 -0.055 0.66 1.97 
(14.59) (2.29) (0.99) (2.05) (-1.24) (-0.50) (-0.23) 
OF 0.241 -0.054 -0.028 0.155 0.519 -0.022 -0.055 -0.569 
Table A.7. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 4 
Goods «i Gi Yil ^i2 •Yi3 R^ D-W 
FG 0.484 -0.353 0.088 -0.032 -0.056 0.77 1.83 
(67.23) (-3.33) (2.21) (-1.37) 
NFG 0.279 0.292 -0.032 0.37 -0.338 
NF 0.237 0.061 -0.056 -0.338 0.394 0.55 1.91 
(51.26) (0.75) (-1.37) (0.94) 
«i Gi Yil Yi2 Yi3 Yi4 
R 0.529 0.082 -1.319 0.659 0.388 0.272 0.76 1.72 
(13.91) (0.33) (-6.79) (2.79) (0.99) 
W 0.195 -0.034 0.659 -0.883 0.398 -0.174 0.70 1.89 
(6.03) (-0.16) (2.79) (-4.39) (-0.74) 
CG 0.202 -0.071 0.388 0.398 -0.732 -0.054 
P 0.074 0.023 0.272 -0.174 -0.054 -0.044 0.60 2.13 
(12.00) (0.56) (0.99) (-0.74) (-0.99) 
"i 9i Yil Yi2 Yi3 Yi4 Yi5 Yi6 
M 0.181 0.105 -0.354 -0.237 -0.041 0.495 0.088 0.049 0.71 2.31 
(12.22) (1.31) (-1.74) (-0.79) (-0.29) (2.02) (1.25) 
0 0.133 -0.087 -0.237 -0.363 -0.115 0.320 0.064 0.331 0.51 2.18 
(17.90) (-2.16) (-0.79) (-2.39) (-1.67) (2.61) (1.83) 
V 0.216 -0.139 -0.041 -0.115 -0.098 -0.146 -0.032 0.432 0.56 2.10 
(28.96) (-3.43) (-0.29) (-1.65) (-1.41) (-1.18) (-0.91) 
NV 0.149 -0.003 0.495 0.320 -0.146 -0.517 -0.064 -0.088 0.58 2.33 
(7.97) (-0.03) (2.02) (2.61) (-1.18) (-1.67) (-0.72) 
S 0.091 0.088 0.088 0.064 -0.032 -0.064 -0.009 -0.Ô47 0.66 2.02 
(16.51) (2.95) (1.25) (1.83) (-0.91) (-0.72) (-0.34) 
OF 0.23 0.212 0.049 0.331 0.432 -0.088 -0.047 -0.677 
Table A. 8. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 5 
Goods Ci ^il ^i2 ^i3 R'^ D-W 
FG 0.418 -0.355 0.039 -0.083 0.136 0.91 1.83 
(46.00) (-8.02) (1.99) (4.10) 
NFG 0.288 0.219 -0.083 -0.0516 -0.433 
NF 0.294 0.186 0.136 -0.433 0.726 0.87 1.72 
(43.169) (4.90) (4.10) (1.56) 
GI CI YIL YI2 YI3 ^I4 
R 0.557 -0.297 -1.336 0.493 0.682 0.161 0.77 2.41 (18.86) (-1.74) (-9.37) (2.19) (6.01) 
W 0.199 -0.071 0.493 -0.861 -0.402 -0.034 0.96 2.17 (8.92) (-0.55) (2.19) (-5.15) (-0.21) 
CG 0.162 0.34 0.682 -0.402 -0.36 0.08 (1.82) 
P 0.716 0.028 0.161 -0.034 0.08 -0.207 0.83 2.01 (12.65) (0.87) (6.01) (-0.21) (-4.99) 
^il ^12 ^i3 ^i4 ^i5 ^i6 
M 0.256 0.054 -0.288 -0.609 0.302 1.004 0.095 0.242 0.78 1.93 
(14.19) (1.05) (-1.01) (-1.53) (0.187) (3.31) (1.16) 
0 0.123 -0.727 -0.609 -0.613 -0.082 0.548 0.072 0.684 0.62 1.98 
(25.35) (-5.29) (-1.53) (-5.73) (-1.09) (6.72) (3.22) 
V 0.195 -0.094 0.302 -0.082 -0.098 0.311 0.043 -0.476 0.57 2.14 
(17.97) (-3.08) (0.187) (-1.09) (-1.01) (1.71) (0.87) 
NV 0.156 0.026 1.004 0.548 0.311 0.016 0.063 -1.942 0.87 2.31 
(10.91) (0.04) (3.31) (6.72) (1.71) (0.066) (0.98) 
S 0.126 -0.005 0.095 0.072 0.043 0.063 -0.009 -0.22 0.91 2.16 
(19.11) (-0.028) (1.16) (3.22) (0.87) (-0.009) (-0.32) 
OF 0.14 0.746 0.242 0.684 -0.475 -1.942 -0.22 -1.71 
Table A. 9. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 6 
Goods Til Ti2 Yi3 R^ D-W 
FG 0.416 -1.394 -1.291 1.138 0.153 0.81 1.96 
(55.22) (-10.99) (5.21) (1.80) 
NFG 0.289 1.313 1.138 -0.304 -0.834 
NF 0.295 0.081 0.153 -0.834 0.681 0.87 1.77 
(36.41) (2.00) (1.80) (1.19) 
"i Ci Yil Yi2 Yi3 Yi4 
R 0.548 -0.082 -2.23 1.00 0.243 0.683 0.73 2.17 
(22.42) (-1.91) (10.717) (3.57) (1.77) 
W 0.201 -0.154 1.00 -1.71 0.152 0.558 0.87 1.93 
(9.66) (-2.92) (3.57) (-7.18) (1.70) 
CG 0.167 0.987 0.243 0.152 0.400 -0.795 
P 0.084 -0.353 0.683 0.558 -0.795 -0.223 0.91 1.87 
(19.33) (-1.99) (1.77) (-3.24) 
a .  Ci Yil ^12 Yi3 ^14 Yi5 Yi6 
M -0.345 1.612 -0.9987 1.66 0.476 -2.267 -0.602 1.732 0.86 1.78 
(-7.28) (20.75) (1.61) (1.07) (0.64) (-2.28) (1.303) 
0 -0.162 0.216 1.66 0.035 0.075 -0.308 -0.174 -1.288 0.94 1.69 
(-9.09) (7.41) (1.07) (0.59) (0.27) (-0.82) (-1.00) 
V -0.251 0.37 0.476 0.075 -0.184 0.636 -0.117 -0.886 0.81 1.93 
(-16.62) (15.049) (0.64) (0.27) (-0.78) (2.00) (-0.79) 
NV -0.175 0.127 -2.267 -0.308 0.636 1.12 -0.106 0.039 0.93 1.97 
(-8.62) (3.32) (-2.28) (-0.82) (2.00) (2.64) (-0.537) 
S -0.044 0.240 -0.602 -0.174 -0.117 -0.106 -0.064 0.481 0.87 2.11 
(-5.87) (19.35) (1.303) (-1.00) (-0.74) (-0.537) (-0.86) 
OF -0.023 -2.565 1.732 -1.288 -0.886 0.039 0.481 0.078 
Table A.10. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 7 
Goods 
"i ^i Yil Yi2 Yi3 R'^ D-W 
FG 0.415 -0.353 0.098 -0.116 0.018 0.84 1.71 
(70.15) (-4.20) (3.61) (0.36) 
NFG 0.304 0.157 -0.116 -0.167 0.283 
NF 0.281 0.196 0.018 0.283 -0.301 0.87 1.92 
(43.32) (1.78) (0.36) (-0.48) 
«i Gi Yil Yi2 Yi3 Yi4 
R 0.562 -0.046 -1.324 0.757 0.291 0.276 0.79 1.77 
(16.29) (-0.20) (-7.19) (3.52) (1.13) 
W 0.204 -0.085 0.757 -0.860 0.297 -0.194 0.74 1.78 (6.85) (-0.43) (3.52) (-4.63) (-0.92) 
CG 0.153 0.053 0.291 0.297 -0.566 -0.022 
P 0.081 0.078 0.276 -0.194 -0.022 -0.060 0.94 1.93 (13.13) (1.92) (1.13) (-0.92) (-1.38) 
*1 Bi 7il ^i2 ^i3 Yi4 Yi5 Yi6 
M 0.230 0.113 -0.420 -0.237 -0.121 0.575 0.090 0.113 0.79 2. 13 (16.13) (1.48) (-2.20) (-0.83) (-0.91) (2.42) (1.35) 
0 0.126 -0.071 -0.237 -0.275 -0.151 0.247 0.046 0.37 0.48 2. 14 
(19.50) (-2.07) (-0.83) (-2.12) (-2.51) (2.31) (1.51) 
V 0.196 -0.108 -0.121 -0.151 -0.079 -0.180 -0.031 0.562 0.63 2. 37 
(29.20) (-3.02) (-0.91) (-2.51) (-1.27) (-1.62) (-0.99) 
NV 0.151 0.009 0.575 0.247 -0.180 -0.459 -0.033 -0.15 0.52 1. 92 
(8.93) (0.09) (2.42) (2.31) (-1.62) (-1.64) (-0.42) 
S 0.848 0.041 0.090 0.046 -0.031 -0.033 -0.022 -0.05 0.49 1. 86 
(14.76) (1.35) (1.35) (1.51) (-0.99) (-0.42) (-0.82) 
OF -0.551 0.016 0.113 0.37 0.562 -0.15 -0.05 -0.845 
Table A.11. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 8 
Goods «i ^i Yil ^12 ^i3 
R2 D-W 
FG 0.292 -0.327 0.105 -0.126 0.021 0.89 1.89 
(75.56) (-6.13) (7.47) (0.63) 
NF6 0.323 0.159 -0.126 -0.261 0.387 
NF 0.385 0.168 0.021 0.387 -0.408 0.50 1.76 
(70.04) (1.88) (0.63) (-0.807) 
"i Yil ^i2 ^i3 ^i4 
R 0.002 -1.221 0.769 0.244 0.208 0.80 2.15 
(0.01) (-7.11) (3.81) (0.93) 
W 0.226 -0.220 0.769 -0.743 0.073 -0.099 0.73 2.11 (8.61) (-1.36) <3.81) (-4.23) (-0.51) 
CG 0.167 0.244 0.073 -0.244 -0.073 
P 0.116 0.051 0.208 -0.099 -0.073 -0.036 0.59 2.03 
(15.97) (1.14) (0.93) (-0.51) (-0.65) 
a. 
^i Yil ^12 ^13 ^14 ^15 ^16 
M 0.307 0.152 -0.446 -0.358 0.0859 0.574 0.096 0.048 0.65 1.91 
(14.67) (1.34) (-1.63) (-0.85) (0.44) (1.66) (0.99) 
0 0.111 -0.055 -0.358 -0.332 -0.054 0.147 0.039 0.558 0.45 1.96 
(21.21) (-1.91) (-0.85) (-3.16) (-1.09) (1.59 
V 0.180 -0.109 0.086 -0.054 -0.126 -0.063 -0.020 0.177 0.73 2.17 
(28.55) (-3.18) (0.44) (-1.09) (-2.13) (-0.59) (-0.69) 
NV 0.148 -0.034 0.574 0.147 -0.063 -0.465 -0.023 -0.170 0.58 2.14 
(10.41) (-0.44) (1,66) (1.69) (-0.59) (-1.97) (-0.35) 
S 0.084 0.015 0.096 0.039 -0.020 -0.023 -0.001 -0.091 0.48 1.98 
(17.92) (0.60) (0.99) (1.59) (-0.69) (-0.35) (-0.04) 
OF 0.170 0.031 0.048 0.558 0.177 -0.170 -0.091 -0.522 
Table A.12. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 9 
Goods 

























"i ai ^il ^i2 ^i3 ^14 
R 0.574 -0.192 -1.05 0.603 0.104 0.343 0.75 1.48 
(23.38) (-2.19) (-8.37) (3.52) (1.66) 
W 0.192 0.114 0.603 -0.602 0.212 -0.213 0.61 1.73 (8.14) (1.36) (3.52) (-3.66) (-1.07) 
CG 0.065 0.104 0.212 -0.335 0.019 
P 0.169 0.015 0.343 -0.213 0.019 -0.149 0.92 1.83 
(14.85) (0.36) (1.66) (-1.07) (-1.56) 
"i Gi y n  ^12 Yi3 ^14 ^i5 Yi6 
M 0.240 -0.041 -0.476 0.146 -0.112 0.147 0.005 0.284 0.91 2.16 
(21.27) (-1.01) (-3.10) (0.61) (-1.04) (0.75) (0.09) 
0 0.106 -0.119 0.146 -0.61 -0.11 0.363 0.002 0.209 0.87 2.08 
(11.65) (-3.64) (0.61) (3.18) (-1.25) (2.31) (0.03) 
V 0.154 -0.054 -0.112 -0.11 0.021 -0.22 -0.043 0.464 0.86 2.13 
(14.44) (-1.40) (-1.04) (-1.25) (0.21) (-1.20) (-0.86) 
NV 0.141 0.134 0.147 0.363 -0.22 -0.451 0.032 0.129 0.73 2.71 (7.85) (2.06) (0.75) (2.31) (-1.20) (-1.45) (0.38) 
S 0.123 -0.078 0.005 0.002 -0.043 0.032 -0.069 0.073 0.91 2.11 
(10.01) (-1.75) (0.09) (0.03) (-0.86) (0.38) (-1.21) 
OF 0.236 0.842 0.284 0.209 0.464 0.129 0.073 -1.159 
Table A.13. Restricted parameter estimates of LA/AIDS expenditure systems - rural class 10 
Goods a. 1 ^i ^il ^i2 ^i3 R^ D-W 
FG 0.091 -0.108 0.067 0.014 -0.081 0.87 1.67 
(31.22) (7.21) (6.24) (1.63) 
NFG 0.229 -0.202 0.014 0.417 -0.431 
NF 0.68 0.310 -0.081 -0.431 0.512 0.91 1.43 
(26.17) (4.12) (-1.63) (0.87) 
'^i ^i ni Yi2 ^3 Yi4 
R 0.481 -0.182 -1.016 0.512 0.263 0.241 0.69 1.56 
(21.81) (-2.32) (-7.13) (2.67) (1.78) 
W 0.232 -0.102 0.512 -0.601 0.405 -0.316 0.73 1.91 (9.16) (-1.78) (2.67) (-2.17) (-1.23) 
CG 0.071 0.268 0.263 0.405 -0.859 0.191 
P 0.216 0.016 0.241 -0.316 0.191 -0.116 0.81 1.84 
(13.21) (0.44) (1.78) (-1.23) (-1.68) 
ai Gi ^il Yi2 Yi3 ^4 ^5 ^i6 
M 0.261 -0.032 -0.48 0.151 -0.115 0.138 0.009 0.297 0.91 2.11 
(20.16) (-1.04) (-2.12) (0.78) (-1.07) (0.86) (0.06) 
0 0.112 -0.106 0.151 -0.601 -0.120 0.371 0.003 0.196 0.86 2.06 (11.71) (-3.01) (0.78) (-2.08) (-1.71) (2.43) (0.04) 
V 0.131 -0.058 -0.115 -0.120 0.031 -0.210 -0.032 0.446 0.81 2.14 
(12.15) (-1.06) (-1.07) (-1.71) (1.32) (-1.30) (-0.83) 
NV 0.143 -0.141 0.138 0.371 -0.210 -0.417 0.031 -0.087 0.87 2.08 
(6.12) (0.71) (0.86) (2.43) (-1.30) (-1.62) (0.72) 
S 0.131 -0.067 0.009 0.003 -0.032 0.031 -0.061 0.050 0.83 1.87 
(9.27) (-1.65) (0.06) (0.04) (-0.83) (0.72) (-1.32) 
OF 0.222 0.404 0.297 0.196 0.446 -0.087 0.050 -0.902 
Table A.14. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 1 
Goods a. 1 ^il ^i2 ^i3 R'^ D-W 
FG 0.412 -0.712 0.091 -0.404 0.313 0.94 1.71 
(31.33) (30.17) (3.17) (2.47) 
NFG 0.317 -0.49 -0.404 0.519 -0.115 
NF 0.271 1.202 0.313 -0.115 -0.198 0.96 1.67 
(16.17) (21.51) (2.47) (-3.12) 
^'i ^i ^il ^i2 ^i3 ^i4 
R 0.512 0.516 -0.317 0.376 0.008 -0.051 0.88 1.43 
(11.51) (2.32) (-1.68) (2.17) (-1.23) 
W 0.217 -0.712 0.376 -0.301 0.087 0.012 0.92 1.48 (8.81) (-3.18) (2.17) (-1.37) (1.24) 
CG 0.179 0.209 0.008 0.087 -0.121 0.026 
P 0.092 -0.013 -0.051 0.012 0.026 0.013 0.93 1.65 (19.23) (-1.68) (-1.23) (1.24) (0.87) 
^il ^i2 ^i3 ^i4 ^i5 ^i6 
M 0.119 0.111 -0.060 -0.211 0.116 0.512 0.071 -0.428 0.97 1. 81 
(12.31) (0.91) (-1.71) (-1.86) (0.91) (1.81) (1.67) 
0 0.121 -0.013 -0.211 -0.101 -0.070 0.161 0.012 -0.209 0.96 1. 73 (23.41) (-2.11) (-1.86) (-4.12) (-1.59) (2.61) (0.67) 
V 0.317 -0.067 0.116 -0.070 -0.018 -0.079 -0.081 0.132 0.83 1. 31 
(21.37) (0.13) (0.91) (-1.59) (2.61) (-0.91) (-2.11) 
NV 0.103 0.014 0.512 0.161 -0.079 -0.412 -0.092 -0.09 0.84 1. 86 
(10.41) (0.81) (1.81) (2.61) (-0.91) (1.67) (-1.87) 
S 0.217 0.031 0.071 0.012 -0.081 -0.092 0.074 0.168 0.91 1. 42 
(21.21) (0.93) (1.67) (0.67) (-2.11) (-1.87) (0.86) 
OF -0.123 0.076 -0.428 -0.209 -0.132 -0.09 
Table A.15. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 2 
Goods 
^i ^i ^il ^i2 ^i3 R^ D-W 
FG 0.318 -0.611 0.080 -0.39 0.301 0.87 1.51 
(44.16) (-5.14) (6.12) (1.31) 
NFG 0.318 -0.69 -0.39 0.51 -0.12 
NF 0.301 1.301 0.310 -0.12 -0.181 0.93 1.62 
(51.61) (3.12) (1.31) (1.73) 
°^i ^i ^il ^i2 ^i3 ^i4 
R 0.662 0.417 -0.313 0.361 0.013 -0.061 0.84 1.92 
(11.61) (2.77) (-2.16) (1.72) (-1.61) 
W 0.207 -0.607 0.361 -0.261 -0.068 0.032 0.96 1.83 
(7.21) (-1.92) (1.72) (2.16) (0.96) 
CG 0.019 0.201 0.013 -0.068 0.079 -0.024 
P 0.112 -0.011 -0.061 -0.032 -0.024 0.053 0.74 1.61 
(16.61) (-4.12) (-1.61) (0.96) (2.82) 
^i ^il ^i2 ^i3 ^i4 ^i5 ^i6 
M 0.201 0.121 -0.071 -0.371 0.316 0.417 0.078 -0.423 0.81 1.47 
(13.12) (1.09) (-1.68) (-1.37) (0.87) (1.32) (1.81) 
0 0.112 -0.017 -0.317 -0.109 -0.061 0.170 0.003 -0.368 0.93 1.63 
(16.16) (-2.61) (-1.37) (1.68) (-0.77) (-0.61) (-1.78) 
V 0.116 -0.091 0.316 -0.061 -0.016 -0.081 -0.063 -0.095 0.94 1.38 
(21.31) (-3.17) (0.87) (-0.77) (-1.96) (-2.32) (-1.06) 
NV 0.121 0.037 0.471 0.170 -0.081 -0.316 -0.080 -0.11 0.96 1.60 (7.87) (-1.68) (1.32) (-0.61) (-2.32) (-1.68) (-0.96) 
S 0.201 0.042 0.078 0.003 -0.063 -0.080 0.081 -0.019 0.83 1.92 
(16.08) (0.61) (1.81) (-1.78) (-1.06) (-0.96) (-0.78) 
OF 0.249 -0.092 -0.423 -0.368 -0.095 -0.11 -0.019 1.015 
Table A.16. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 3 
Goods 
"i ^i ^il ^i2 ^13 R^ D-W 
FG 0.331 -0.617 0.071 -0.383 0.312 0.91 1.78 
(23.11) (20.27) (4.14) (3.14) 
NFG 0.348 0.704 -0.383 0.414 -0.031 
NF 0.321 1.321 0.312 -0.031 -0.281 0.87 1.41 
(17.71) (17.18) (3.14) (-3.02) 
"i ^i ^il ^i2 ^13 ^i4 
R 0.612 0.515 -0.414 0.341 0.145 -0.072 0.71 1.61 
(16.13) (2.38) (-1.77) (2.71) (-1.38) 
W 0.201 -0.517 0.341 -0.361 0.061 -0.041 0.92 1.34 
(7.78) (-3.68) (2.71) (-1.87) (-1.32) 
CG -0.084 0.019 0.145 0.061 -0.246 0.040 
P 0.103 -0.017 -0.072 -0.041 0.040 0.073 0.69 1.41 
(18.22) (-1.71) (-1.38) (-1.32) (0.13) 
a. 1 ^i ^il ^i2 ^i3 ^i4 ^i5 ^i6 
M 0.212 0.101 -0.061 -0.168 0.312 0.512 0.089 -0.684 0.79 1.61 
(11.32) (0.96) (-1.82) (0.98) (1.67) (1.83) (1.92) 
0 0.131 -0.066 -0.168 -0.210 -0.051 0.173 0.006 0.250 0.81 1.03 
(21.31) (-3.12) (0.98) (-1.28) (1.60) (1.72) (1.48) 
V 0.162 -0.081 0.312 -0.051 -0.017 -0.068 -0.051 -0.125 0.86 2.17 
(24.16) (0.71) (1.67) (1.60) (-1.66) (-1.61) (-1.71) 
NV 0.110 0.024 0.512 0.173 -0.068 -0.215 -0.091 -0.311 0.91 1.87 
(13.71) (0.96) (1.83) (1.72) (-1.61) (-1.22) (0.21) 
S 0.101 0.031 0.089 0.006 -0.051 -0.091 0.069 -0.02 0.76 1.76 
(20.21) (0.74) (1.92) (1.48) (-1.71) (0.21) (0.38) 
OF 0.284 0.009 -0.684 0.25 -n.l25 -0.311 -0.02 0.890 
Table A.17. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 4 
Goods 
""i ^i ^il ^i2 ^i3 
R2 D-W 
FG 0.244 -0.544 0.067 -0.34 0.273 0.98 1.71 
(39.02) (-31.17) (2.87) (3.46) 
NF6 0.411 -1.039 -0.34 -2.246 2.586 
NF 0.345 1.583 0.273 2.586 -2.859 0.97 1.43 
(17.12) (27.59) (3.46) (-3.17) 
"'i ^i ^il Y^2 ^i3 ^14 
R 0.491 0.657 -0.449 0.344 0.199 -0.094 0.87 1.41 
(11.50) (2.96) (-2.01) (1.12) (-0.26) 
W 0.319 -0.606 0.344 -0.351 -0.032 0.039 0.86 1.48 (8.80) (-3.22) (1.12) (-1.35) (0.13) 
CG -0.027 0.01 0.199 -0.032 -0.159 -0.008 
P 0.163 -0.061 -0.094 0.039 -0.008 0.063 0.42 1.32 
(19.33) (-1.39) (-0.26) (0.13) (0.89) 
^i ^il ^•2 ^i3 ^i4 ^i5 ^i6 
M 0.276 0.102 -0.079 -0.517 0.283 0.470 0.098 -0.255 0.89 1.71 
(16.79) (0.74) (-0.35) (-1.57) (1.84) (1.73) (1.28) 
0 0.123 -0.067 -0.51 -0.233 -0.047 0.163 0.009 0.625 0.89 1.82 
(37.34) (-2.41) (-1.57) (-3.52) (-1.49) (2.98) (0.58) 
V 0.175 -0.081 0.283 -0.047 -0.013 -0.069 -0.047 -0.107 0.71 1.09 
(39.01) (-2.14) (1.84) (-1.49) (-0.31) (-0.93) (-2.24) 
NV 0.125 0.034 0.470 0.163 -0.069 -0.305 -0.089 -0.17 0.82 1.61 
(9.59) (0.31) (1.73) (2.98) (-0.93) (-1.41) (-1.47) 
S 0.070 0.023 0.098 0.009 -0.047 -0.089 0.013 0.016 0.91 1.41 
(20.33) (0.78) (1.28) (0.58) (-2.24) (-1.47) (0.86) 
OF 0.231 -0.011 -0.255 0.625 -0.107 -0.17 0.016 -n.l09 
Table A.18. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 5 
Goods Gi Yil ^12 ^i3 R'^ D-W 
FG 0.214 -0.281 0.124 -0.118 -0.006 0.88 1.17 
(52.98) (-6.11) (9.15) (0.017) 
NFG 0.411 0.05 -0.118 -0.357 0.475 
NF 0.375 0.231 -0.006 0.475 -0.469 0.87 1.31 
(50.25) (2.21) (0.017) (0.79) 
"i ^il •Yi2 ^i3 •Yi4 
R 0.515 0.470 -0.268 0.481 0.178 -0.391 0.53 1.22 
(11.99) (2.68) (-1.19) (1.54) (-1.15) 
W 0.295 -0.299 0.481 0.484 -1.237 0.272 0.42 1.41 
(7.57) (-1.88) (1.54) (-1.70) (0.88) 
CG 0.035 -0.012 0.178 -1.237 1.076 -0.017 
P 0.155 -0.159 -0.391 0.272 -0.017 0.136 0.89 1.82 
(19.64) (-4.94) (-1.15) (0.88) (2.18) 
°^i ^il ^i2 ^i3 ^14 ^i5 ^i6 
M 0.269 -0.209 -0.313 0.480 0.304 -0.442 0.173 -0.202 0.46 1. 69 
(12.90) (-1.49) (-1.08) (1.15) (1.58) (-1.29) (1.79) 
0 0.115 -0.172 0.480 0.166 -0.012 -0.090 -0.048 -0.496 0.52 1. 71 
(17.82) (3.97) (1.15) (1.29) (-0.20) (-0.86) (-1.64) 
V 0.160 -0.166 0.304 -0.012 -0.052 0.268 0.021 -0.529 0.61 1. 63 
(23.41) (-3.59) (1.58) (-0.20) (-0.83) (2.38) (0.66) 
NV 0.116 -0.125 -0.442 -0.090 0.268 0.454 -0.042 -0.148 0.40 1. 91 
(7.88) (-1.25) (-1.29) (-0.86) (2.38) (1.87) (-0.62) 
S 0.075 0.016 0.173 -0.048 0.081 -0.042 0.011 -0.175 0.81 1. 73 
(17.07) (0.53) (1.79) (-1.64) (0.66) (-0.62) (0.53) 
OF 0.265 0.656 -0.202 -0.496 -0.529 -0.148 -0.175 1.55 
Table A.19. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 6 
Goods a .  
1  ^il ^i2 ^i3 R^ D-W 
FG 0.199 -0.172 0.133 -0.102 -0.031 0.95 1.41 
(66.51) (-5.27) (13.48) (-1.33) 
NFG 0.37 0.114 -0.102 0.160 -0.058 
NF 0.431 0.058 -0.031 -0.058 0.089 0.90 1.23 
(78.90) (0.74) (-1.33) (0.22) 
« i  ^i ^il ^i2 CO
 
^i4 
R 0.471 0.103 -0.318 0.407 0.180 -0.269 0.73 1.67 
(11.02) (0.67) (-1.33) (1.31) (-0.79) 
W 0.267 -0.301 0.407 -0.315 -0.236 0.144 0.71 1.81 (8.49) (-2.64) (1.31) (-1.38) (0.57) 
CG 0.023 0.007 0.180 -0.236 0.008 -0.048 
P 0.239 0.191 -0.269 0.144 -0.048 0.173 0.87 1.90 
(12.64) (2.78) (-0.79) (0.57) (1.14) 
«i Yil ^12 ^13 ^14 ^i5 ^16 
M 0.473 -0.240 -0.674 -0.357 0.441 0.328 0.066 0.196 0.81 1.66 
(16.42) (-1.22) (-1.80) (-0.61) (1.66) (0.66) (0.49) 
0 0.167 -0.196 -0.357 -0.954 -0.182 0.195 -0.019 1.317 0.84 1.51 (25.12) (-4.32) (-0.61) (-0.71) (-0.29) (1.71) (-0.63) 
V 0.336 0.082 0.441 -0.182 0.228 -0.724 -0.121 0.814 0.79 1.47 
(14.49) (-0.52) (1.66) (-0.29) (1.06) (-1.82) (-1.12) 
NV 0.228 -0.107 0.328 0.195 -0.724 -0.709 -0.197 1.107 0.91 1.32 (7.98) (-0.55) (0.66) (1.71) (-1.82) (-1.45) (-1.49) 
S 0.707 -0.038 0.066 -0.019 -0.121 -0.197 0.022 0.249 0.93 1.81 
(18.15) (-1.45) (0.49) (-0.63) (-1.12) (-1.49) (1.19) 
OF -0.911 0.499 0.196 1.317 0.814 1.107 0.249 -2.576 
Table A.20. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 7 
Goods 
"i ^i Yil ^i2 ^i3 R^ D-W 
FG 0.189 -0.226 0.119 -0.07 -0.049 0.90 1.10 (50.79) (-5.36) (9.96) (-2.27) 
NFG -0.405 0.184 -0.07 0.374 -0.304 
NF 0.406 0.042 -0.049 -0.304 0.353 0.81 1.04 
(81.72) (0.58) (-2.27) (0.94) 
a. 1 B. 1 \l \2 \3 ^i4 
R 0.515 0.529 -0.394 0.408 0.187 -0.201 0.59 1.45 
(12.65) (3.44) (-1.85) (1.36) (-0.61) 
W 0.299 -0.396 0.408 -0.468 -0.137 0.197 0.87 1.23 
(8.88) (-3.11) (1.36) (-1.89) (0.725) 
CG 0.032 -0.011 0.187 -0.137 -0.012 -0.012 
P 0.154 -0.122 -0.201 0.197 -0.012 0.016 0.82 1.51 
(20.17) (-4.24) (-0.61) (0.725) (0.25) 
"i B. 1 ^il ^i2 ^3 ^i4 \5 ^i6 
M 0.261 0.056 -0.101 -0.469 0.369 0.459 0.077 -0.335 0.54 1.92 (19.06) (0.05) (-0.51) (-1.67) (2.82) (2.02) (1.19) 
0 0.103 -0.068 -0.469 -0.206 -0.034 0.192 0.0196 0.498 0.47 1.63 
(24.31) (-2.09) (-1.67) (-2.37) (-0.83) (2.73) (0.82) 
V 0.155 -0.068 0.369 -0.034 0.035 -0.007 -0.016 -0.347 0.59 1.72 
(64.36) (-3.71) (2.82) (-0.83) (1.54) (-0.17) (-1.44) 
NV 0.113 -0.013 0.459 0.192 -0.007 -0.292 -0.084 -0.268 0.52 1.98 (8.99) (-0.14) (2.02) (2.73) (-0.17) (-1.41) (-1.43) 
S 0.080 -0.008 0.077 0.0196 -0.016 -0.084 0.021 -0.0176 0.86 2.01 
(19.51) (-0.26) (1.19) (0.82) (-1.44) (-1.43) (1.11) 
OF 0.288 -0.101 -0.335 0.498 -0.347 -0.268 -0.0176 0.469 
Table A.21. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 8 
Goods 
""i ^i ^il ^i2 ^13 R^ D-W 
F6 0.184 -0.184 0.147 0.075 -0.222 0.90 1.73 
(44.14) (-4.50) (12.46) (-3.70) 
NFG 0.395 
1  
0.236 0.075 1.662 -1.737 
NF 0.421 -0.052 -0.222 -1.737 1.959 0.63 1.82 
(22.59) (-0.26) (-3.70) (1.65) 
"i ^i ^il ^i2 ^i3 ^i4 
R 0.529 0.199 -0.354 0.395 0.178 -0.219 0.80 2.03 
(11.81) (1.23) (-1.51) (1.06) (-0.54) 
W 0.278 -0.205 0.395 -0.128 0.288 0.021 0.72 2.08 
(7.28) (-1.49) (1.06) (-0.40) (0.06) 
CG 0.034 0.041 0.178 0.288 -0.475 0.009 
P 0.159 -0.035 -0.219 0.021 0.009 0.189 0.48 1.73 
(15.48) (0.95) (-0.54) (0.06) (2.01) 
"i ®i •Yil ^12 ^13 Yi4 ^i5 ^i6 
M 0.176 7.436 3.635 -0.722 -2.212 -1.479 1.294 -1.96 0.71 1.41 
(0.57) (6.41) (0.88) (-0.12) (-0.78) (-0.31) (0.90) 
0 0.097 1.412 0.722 -0.146 -0.532 -2.90 0.249 4.051 0.66 1.67 
(1.49) (5.82) (-0.12) (-0.11) (-0.89) (-0.28) (0.83) 
V 0.159 2.929 -2.212 -0.532 -0.924 -1.086 0.327 4.427 0.69 1.82 
(1.25) (6.11) (-0.78) (-0.89) (-0.79) (-0.53) (0.55) 
NV 0.127 0.177 -1.479 -2.90 -1.086 -0.455 0.004 5.916 0.88 1.71 
(7.43) (2.74) (-0.31) (-0.28) (-0.79) (-1.64) (0.05) 
S 0.033 1.548 1.294 0.249 0.327 0.004 0.230 -2.104 0.72 1.80 (0.53) (6.56) (0.90) (0.83) (0.55) (0.05) (0.79) 
OF 0.408 -13.496 -1.960 4.051 4.427 5.916 -2.104 -10.33 
Table A.22. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 9 
Goods a. 1 ^i ^il ^i2 ^i3 R^ D-W 
FG 0.142 -0.160 0.104 -0.049 -0.055 0.89 1.67 
(48.14) (-4.43) (11.57) (-2.41) 
NFG 0.401 -0.037 -0.049 0.486 -0.437 
NF 0.457 0.123 -0.055 -0.437 0.492 0.83 1.93 
(83.32) (1.39) (-2.41) (1.09) 
°^i ^i ^il ^i2 ^i3 Yi4 
R 0.495 0.372 -0.271 0.502 -0.001 -0.231 0.89 1.47 
(12.58) (2.58) (-1.22) (1.73) (-0.72) 
W 0.284 -0.259 0.502 -0.465 -0.267 0.230 0.88 1.46 
(9.17) (-2.29) (1.73) (-2.04) (0.92) 
CG 0.023 -0.012 -0.001 -0.267 0.298 -0.030 
P 0.198 -0.101 -0.230 0.230 -0.030 0.031 0.41 1.58 
(21.62) (-3.02) (-0.72) (0.92) (0.41) 
a. 
^i ^11 Yi2 ^i3 ^14 ^15 ^i6 
M 0.341 -0.018 0.055 -0.879 0.422 0.779 0.088 -0.465 0.56 1.78 
(20.44) (-0.082) (0.19) (-2.40) (2.66) (2.77) (1.13) 
0 0.216 -0.509 -0.879 0.815 0.169 -0.389 -0.088 0.372 0.77 1.71 
(5.47) (-1.57) (-2.40) (1.48) (0.71) (-0.92) (-0.76) 
V 0.216 0.149 0.422 0.169 0.184 0.160 -0.023 -0.912 0.43 1.82 
(30.45) (1.63) (2.66) (0.71) (2.72) (1.34) (-0.71) 
NV 0.167 0.502 0.779 -0.389 0.160 -0.359 -0.094 -0.097 0.73 1.61 
(9.07) (2.11) (2.77) (-0.92) (1.34) (-1.16) (-1.09) 
S 0.068 0.022 0.088 -0.088 -0.023 -0.944 0.011 0.106 0.86 1.87 
(16.23) (0.41) (1.13) (-0.76) (-0.71) (-1.09) (0.57) 
OF 0.071 -0.146 -0.465 0.372 -0.912 -0.097 0.106 0.996 
Table A.23. Restricted parameter estimates of LA/AIDS expenditure systems - urban class 10 
Goods a-
^i Yil ^i2 ^13 R'^ D-W 
FG 0.106 -0.105 0.079 -0.065 -0.014 0.94 1.37 
(49.17) (-8.93) (0.94) (-0.28) 
NFG 0.386 -0.262 -0.065 -0.359 0.424 
NF 0.508 0.367 -0.014 0.424 -0.410 0.72 1.43 
(27.22) (27.22) (-0.28) (-0.38) 
«i ^i Yil ^i2 ^i3 ^i4 
R 0.503 0.181 -0.038 0.770 -0.324 -0.408 0.83 1.81 
(10.88) (1.34) (-0.16) (2.38) (-1.10) 
W 0.315 -0.112 0.770 -0.717 0.386 0.386 0.71 1.72 
(7.23) (-0.875) (2.38) (-2.35) (1.11) 
C6 0.014 0.015 -0.324 -0.439 -0.069 0.007 
P 0.168 -0.084 -0.408 0.386 0.007 0.015 0.73 1.67 
(15.59) (-2.64) (-1.10) (1.11) (0.04) 
"i ^i ^il ^i2 ^i3 ^i4 ^i5 ^i6 
M 0.229 -0.186 0.027 -0.473 0.106 0.391 0.091 -0.142 0.82 1. 58 
(14.19) (-2.53) (0.13) (-1.46) (0.67) (1.46) (1.21) 
0 0.081 -0.114 -0.473 -0.116 -0.064 0.083 0.025 0.545 0.87 1. 69 
(21.71) (-6.71) (-1^46) (-1.56) (-1.77) (1.34) (1.42) 
V 0.144 -0.131 0.106 -0.064 0.016 -0.188 -0.691 0.191 0.79 1. 96 
(17.59) (-3.51) (0.67) (-1.77) (0.199) (-1.38) (-1.81) 
NV 0.078 -0.033 0.391 0.083 -0.188 -0.314 -0.032 0.067 0.88 1. 87 
(9.18) (-0.85) (1.46) (1.34) (-1.38) (-2.22) (-0.77) 
S 0.054 -0.052 0.091 0.025 -0.061 -0.032 0.022 0.585 0.79 1. 81 
(14.56) (-3.09) (1.21) (1.42) (-1.81) (-0.77) (1.32) 
OF 0.414 -0.516 -0.142 0.545 0.191 0.06 0.585 -1.239 
